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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 


Copyright © 1995 American Petroleum Institute 


Copyright por American Petroleum Institute 
Mon Feb 07 11:04:13 2005 


API MPMS¥11.1 ADDENDUM 55 MM 0732290 054213595 656 


FOREWORD 


The Chapter 11.1, “Volume Correction Factors,” tables are jointly developed and pub- 
lished by the American Petroleum Institute (API), the American Society for Testing and 
Materials (ASTM), and the Institute of Petroleum (IP) as API Manual of Petroleum Mea- 
surement Standards (MPMS) Chapter 11.1 (API Standard 2540), ASTM D1250, and IP 
200, respectively. This standard is also designated as an American National Standard 
(American National Standard Institute) under the designation of ANSY/ASTM D1250, and 
has been adopted by the International Standards Organization as ISO/91-1:1992. 

With the 1990 amendments to the Clean Air Act and the resulting regulations requiring 
greater use of reformulated gasolines, there has been an increasing demand for methyl tert- 
butyl ether (MTBE) as a blending agent for those gasolines. The accurate transfer of MTBE 
requires that the volume being transferred be temperature compensated back to customary 
teference conditions. Within the United States those conditions are 60°F and the maximum 
of saturation pressure or atmospheric pressure. Most other countries have reference condi- 
tions of 15°C and the maximum of saturation pressure or atmospheric pressure. 

This addendum has been approved through the API and IP standardization process, and 
has been submitted to ASTM Committee D02 on Petroleum Products and Lubricants, and 
ISO/TC 28, Petroleum Products and Lubricants, Subcommittee 3, Static Petroleum Mea- 
surement, for concurrent review as a draft addendum to D1250 and ISO/91-1:1992. 

Due to the high priority API member companies have assigned to these revised vol- 
ume correction factor tables for MTBE, this addendum is being published as approved 
through the API and IP standardization process while awaiting completion of the ASTM 
and ISO review procedures. At the conclusion of the ASTM and ISO review, this docu- 
ment will be published as an addendum to D1250 and ISO 91-1. 

The API Committee on Static Petroleum Measurement currently has a project underway 
to address volume correction of MTBE gasoline blends and commercial grades of 
MTBE and other oxygenates. The results of this study will be available from the Measure- 
ment Coordinator upon completion of the project. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the Measurement Coordina- 
tor, Exploration and Production Department, American Petroleum Institute, 1220 L Street, 
N.W., Washington, D.C. 20005. 
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Addendum to Chapter 11.i1—Volume Correction Factors 


Volume Ill (Table 6C), Individual and Specialized Applications, 
Volume Correction for MTBE to 60°F 

Volume IX (Table 54C), Individual and Specialized Applications, 
Volume Correction for MTBE to 15°C 


1 Scope 
1.1. INTRODUCTION 


With the recent emphasis on reformulated gasolines, there 
is an increasing demand to use methyl] tert-butyl ether 
(MTBE) as a blending agent for reformulated gasolines. The 
accurate transfer of MTBE requires that the volume being 
transferred be temperature compensated back to customary 
reference conditions. Within the United States, those condi- 
tions are 60°F and the maximum of saturation pressure or at- 
mospheric pressure. Most other countries have reference 
conditions of 15°C and the maximum of saturation pressure 
or atmospheric pressure. 


1.22 PURPOSE 


The purpose of this addendum is to provide the users of 
the API Manual of Petroleam Measurement Standards Chap- 
ter 11.1, “Volume Correction Factors,” Volume III (Table 6C) 
and Volume IX (Table 54C), “Individual and Specialized Ap- 
plications,” with revised volume correction factor tables for 
methyl tert-butyl ether (MTBE). These tables are used for 
calculating the volume of mixtures composed predominantly 
of MTBE at standard conditions from volumes at other con- 
ditions. These tables apply to commercially available mix- 
tures containing at least 85 weight percent MTBE. 


1.3 SAFETY CONSIDERATIONS 


This standard does not purport to address the safety prob- 
lems, if any, associated with the use of this publication. It is 
the responsibility of the user of this standard to establish the 
appropriate safety and health practices and to determine the 
applicability of regulatory limitations prior to its use. 


2 Referenced Publications 


The most recent editions of the following standards are 
cited in this addendum: 


API 
Manual of Petroleum Measurement Standards 
Chapter 11.1, “Volume Correction Factors” 
Volume III, Table 6C, “Individual and Special 
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Applications, Volume Correction to 60°F 
Against Thermal Expansion Coefficients at 
60°F” 

Volume IX, Table 54C, “Individual and Special 
Applications, Volume Correction to 15°C 
Against Thermal Expansion Coefficients at 
15°C” 

ASTM! 
D1250 Petroleum Measurement Tables 

Volume ITI, Table 6C, “Volume Correction Fac- 
tors for Individual and Special Applications, 
Volume Correction to 60°F Against Thermal 
Expansion Coefficients at 60°F” 

Volume IX, Table 54C, “Volume Correction 
Factors for Individual and Special Applications, 
Volume Correction to 15°C Against Thermal 
Expansion Coefficients at 15°C” 


IP’ 
200 Petroleum Measurement Tables 
Volume III, Table 6C, “Individual and Special 
Applications, Volume Correction to 60°F 
Against Thermal Expansion Coefficients at 
60°F” 
Volume IX, Table 54C, “Individual and Special 
Applications, Volume Correction to 15°C 
Against Thermal Expansion Coefficients at 
15°C” 
Iso? 
91/1 Petroleum Measurement Tables 
“Part 1: Tables Based on Reference Tempera- 
tures of 15°C and 60°F’ 


Section 5 contains a list of references for MTBE density. 


1American Society for Testing and Materials, 1916 Race Street, Philadel- 


phia, Pennsylvania 19103-1187 

2Institute of Petroleum, 61 New Cavendish Street, London W1M8AR, 
United Kingdom 

3International Organization for Standardization, ISO publications are avail- 
able from ANSI (American National Standards Institute, 11 West 42nd 
Street, New York, New York 10036). 
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2 ADDENDUM To API CHAPTER 11.1—VoLUME CORRECTION FacTORS 


3 Significance and Use 
3.1 GENERAL 


These tables are suitable for use in calculating volumes of 
MTBE mixtures as outlined in 1.2. The information gained 
from this method can be used to determine quantities of 
MTBE in tanks, shipping containers, and other storage con- 
tainers typically used in the petroleum industry. 


3.2 RECOMMENDED USE OF VOLUME 
CORRECTION FACTORS FOR MTBE 


It is recommended for pure MTBE that either Volume III, 
Table 6C—with a mean coefficient of thermal expansion, 
Oo, Of 789.0 x 10° °F'!—or Volume IX, Table 54C—with a 
mean coefficient of thermal expansion, «,;, of 1420.2 x 10° 
°C1_be used from API Chapter 11.1 of the Manual of Pe- 
troleam Measurement Standards. The use of these tables for 
commercial grades of MTBE is expected to introduce an ad- 
ditional uncertainty of less than 0.1 percent. The attached Ta- 
bles 6C and 54C are an abridged version of the results 
available from the computer subroutines for Tables 6C and 
54C. Interpolation of the printed tables will provide answers 
that differ no more than 1 in the last significant figure from 
the computer subroutines. 


4 Basic Data 
4.1 USE OF DATA OBTAINED 


Density data obtained from the open literature for pure 
methyl tert-butyl ether (MTBE) were used for comparison 
against several tables proposed for correcting MTBE vol- 
umes. The data of Jangkolmulkachai, et. al [1] were fit using 
a 60°F density of 745.3 kg/m? (261.23 tb/obl). This gave an 
overall fit over the range of 0°C to 60°C G2°F to 140°F) of 
+0.1 percent. An equivalent fit of the data was obtained us- 
ing a 15°C density of 745.9 kg/m’ and a mean coefficient of 
thermal expansion of 1420.2 x 10% °C". This data was com- 
pared to API Tables 6A, 6B, and a special fit of Table 6C. 
The best fit of the data was obtained using Table 6C. An 
equivalent fit was obtained using Table 54C. 


4.2 COMPARISON TO PREVIOUS DATA 


A review of the density data available for MTBE indicated 
that there were only two sources of experimental data for 
MTBE at temperatures other than 20°C or 25°C, 
Jangkamolkachai, et. al [1] and Obama, et. al [2]. Only 20°C 
or 25°C data were reported by Aim and Cipriam [3], Fen- 
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wick, et. al [4], Timmermans [5], and the Thermodynamics 
Research Center [6]. Although the API Monograph Series 
[7] reports data at other temperatures, it was found that the 
reported data was generated by fitting a correlation to the se- 
lected 20°C density. Obama, et. al [2] reported a coefficient 
of thermal expansion for MTBE at 25°C of 1.423 x 10° 
°C! (791 x 10° °F’) for data in the range of 15°C to 35°C 
(59°F to 95°F). The data of Obama, et. al [2] and 
Jangkamolkachai, et. al [1] were fit to the following equa- 
tions: 


VCF =-©- =exp(-a,,At(1+0.80,At)) (1) 


Peo 
and 


VCF = a = exp(—a,,,Az(1+0.8a,,A)) (2) 
15 

Equation 1 was fit to the experimental data according to 
the procedures outlined in Chapter 11.1, Volume III, with 
both Oy and Px» as adjustable parameters. 

Equation 2 was fit according to the procedures outlined in 
Chapter 11.1, Volume IX, with both a,, and p,; as adjustable 
parameters. 


5 References for MTBE Density 


1. A. Jangkamolkachai, G. C. Allred, and W. R. Parrish, 
“Densities and Excess Molar Volumes of Methyl tert-Buty] 
Ether with Hydrocarbons from 255.4 to 333.2 K,” Journal of 
Chemical Engineering Data, 1991, pp. 481-484. 

2. M. Obama, Y. Oodera, N. Kohama, T. Yanase, Y. Saito, 
and K. Kusano, “Densities, Molar Volumes, and Cubic 
Expansion Coefficients of 78 Aliphatic Ethers,” Journal of 
Chemical Engineering Data, 1985, pp. 1-5. 

3. K. Aim and M. Ciprian, “Vapor Pressures, Refractive In- 
dex at 20°C and Vapor-Liquid Equilibria at 101.325 kPa in 
the Methyl zert-Butyl Ether—Methanol System,” Journal of 
Chemical Engineering Data, 1989, pp. 100-103. 

4. J. O. Fenwick, D. Harrop, and A. J. Head, “Thermody- 
namic Properties of Organic Oxygen Compounds 41. En- 
thalpies of Formation of Eight Ethers,” Journal of Chemical 
Thermodynamics 7, 1975, p. 943. 

5. J. Timmermans, Physicochemical Constants of Pure Or- 
ganic Substances, 2nd edition, Elseveir, New, York, 1965. 
6. “Selected Values of Properties of Chemical Compounds,” 
Thermodynamics Research Center, Data Project, Texas 
A&M University, College Station, Texas, extant 1980. 

7. API Monograph Series “tert-Butyl Methyl Ether,’ API 
Publication 723, University Microfilms International, Ann 
Arbor, MI, 1984. 
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VoLuMe III—TasLe SC AND VOLUME IX—TABLE 54C 


Table 6C—Volume Correction Factors for MTBE 


Factors for Correction of Volume to 60°F 


Temp Temp Temp Temp Temp 
(°F) VCF (°F) VCF (°F) VCF (°F) VCF (°F) VCF 
0.0 1.0466 25.0 1.0274 50.0 1.0079 75.0 0.98812 100.0 0.96816 
0.5 1.0462 25.5 1.0270 50.5 1.0075 75.5 0.98773 100.5 0.96776 
1.0 81.0458 26.0 1.0266 51.0 1.0071 76.0 0.98733 101.0 0.96736 
15 = 1.0455 26.5 1.0262 51.5 1.0067 76.5 0.98693 101.5 0.96696 
2.0 1.0451 27.0 1.0258 52.0 1.0063 77.0 0,98653 102.0 0.96656 
2.5 1.0447 27.5 1.0254 52.5 1.0059 77.5 0.98614 102.5 0.96615 
3.0 1.0443 28.0 1.0250 53.0 1.0055 78.0 0.98574 103.0 0.96575 
3.5 1,0439 28.5 1.0247 53.5 1.0051 78.5 0.98534 103.5 0.96535 
40 1,0435 29.0 1.0243 54.0 1.0047 79.0 0.98494 104.0 0.96495 
4.5 1.0432 29.5 1.0239 54.5 1.0043 79.5 0.98455 104.5 0.96455 
5.0  1,0428 30.0 1.0235 55.0 1.0039 80.0 0.98415 105.0 0.96415 
55 1.0424 30.5 1.0231 55.5 1.0035 80.5 0.98375 105.5 0.96374 
60 1.0420 31.0 1.0227 56.0 1.0032 81.0 0.98335 106.0 0.96334 
65 1.0416 31.5 1.0223 56.5 11,0028 81.5 0.98295 106.5 0.96294 
7.0 1.0412 32.0 1,0219 57.0 1.0024 82.0 0.98255 107.0 0.96254 
7.5 1.0409 32.5 1.0215 37.5 1,0020 82.5 0.98216 107.5 0.96213 
8.0 1.0405 33.0 1.0212 58.0 1.0016 83.0 0.98176 108.0 0.96173 
8.5 1.0401 33.5 1.0208 58.5 1.0012 83.5 0.98136 108.5 0.96133 
9.0 1.0397 34.0 1.0204 59.0 1,0008 84.0 0.98096 109.0 0.96093 
9.5 1.0393 34.5 1.0200 59.5 1.0004 84.5 0.98056 109.5 0.96052 
10.0 1.0389 35,0 1.0196 60.0 1.0000 85.0 0.98016 110.0 096012 
10.5 1.0386 35.5 1.0192 60.5 0.99961 85.5 0.97976 110.5 0.95972 
11.0 1.0382 36.0 1.0188 61.0 0.99921 86.0 0.97937 111.0 0.95932 
11.5 1.0378 36.5 1.0184 61.5 0.99882 86.5 0.97897 111.5 0.95891 
12.0 1.0374 37.0 1.0180 62.0 0.99842 87.0 0.97857 112.0 0.95851 
12.5 1.0370 37.5 1.0177 62.5 0.99803 87.5 0.97817 112.5 0.95811 
13.0 1.0366 38.0 1.0173 63.0 0.99763 88.0 0.97777 113.0 0.95770 
13.5 1.0363 38.5 1.0169 63.5 0.99724 88.5 0.97737 113.5 0.95730 
14.0 1.0359 39.0 1.0165 64.0 0.99684 89.0 0.97697 114.0 0.95690 
14.5 1.0355 39.5 1.0161 64.5 0.99645 89.5 0.97657 114.5 0.95649 
15.0 1.0351 40.0 1.0157 65.0 0.99605 90.0 0.97617 115.0 0.95609 
15.5 1.0347 40.5 1.0153 65.5 0.99565 90.5 0.97577 115.5 0.95569 
16.0 1.0343 41.0 1.0149 66.0 0.99526 91.0 0.97537 116.0 0.95528 
16.5 1.0339 41.5 1.0145 66.5 0.99486 91.5 0.97497 116.5 0.95488 
17.0 = 1.0336 42.0 1.0141 67.0 0.99447 92.0 0.97457 117.0 0.95448 
17.5 1.0332 42.5 1.0137 67.5 0.99407 92.5 0.97417 117.5 0.95407 
18.0 = 1.0328 43.0 1.0134 68.0 0.99368 93.0 0.97377 118.0 0.95367 
18.5 1.0324 43.5 1.0130 68.5 0.99328 93.5 0.97337 118.5 0.95327 
19.0 1.0320 44.0 1.0126 69.0 0.99288 94.0 0.97297 119.0 0.95286 
19.5 1.0316 44.5 1.0122 69.5 0.99249 94.5 0.97257 119.5 0.95246 
20.0 1.0312 450 1.0118 70.0 0.99209 95.0 0.97217 120.0 0.95205 
20.5 1.0309 45.5 1.0114 70.5 0.99170 95.5 0.97177 120.5 0.95165 
21.0 1.0305 46.0 1.0110 71.0 0.99130 96.0 0.97137 121.0 0.95125 
21.5 1.0301 46.5 1.0106 71.5 0.99090 96.5 0.97097 121.5 0.95084 
22.0 1.0297 47.0 1.0102 72.0 0.99051 97.0 0.97057 122.0 0.95044 
22.5 1.0293 475 1.0098 72.5 0.99011 97.5 0.97017 122.5 0.95003 
23.0 1.0289 48.0 1.0094 73.0 0.98971 98.0 0.96977 123.0 0.94963 
23.5 10285 48.5 1.0090 73.5 0.98932 98.5 0.96936 123.5 0.94922 
240 = 1.0281 49.0 1.0087 74.0 0.98892 99.0 0.96896 124.0 0.94882 
245 1.0278 49.5 1.0083 74.5 0.98852 99.5 0.96856 124.5 0.94842 
25.0 1.0274 50.0 1.0079 75.0 0.98812 100.0 0.96816 125.0 0.94801 


Note: This table is generated using o%) = 789.0 x 10° °F! 
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4 ADDENDUM TO API CHAPTER 11.1—-VOLUME CORRECTION FACTORS 


Table 54C—Volume Correction Factors for MTBE 


Factors for Correction of Volume to 15°C 


Temp Temp Temp Temp Temp 
(CC) VCF CC) VCF (CC) VCF (ec) VCF (°C) VCF 
-20.00 1.0489 -6.00 1.0295 8.00 1.0099 22.00 0.99003 36.00 0.96993 
-19.75 1.0485 -5.75 1.0292 8.25 1.0096 22.25 0.98967 36.25 0.96956 
-19.50 1.0482 -5.50 1.0288 8.50 1.0092 22.50 0.98932 36.50 0.96920 
-19.25 1.0479 -5.25 1.0285 8.75 1.0089 22.75 0.98896 36.75 0.96884 
-19.00 1.0475 -5.00 1.0281 9.00 1.0085 23.00 0.98860 37.00 0.96848 
-18.75 1.0472 -4,.75  1,0278 9,25 1,0081 23.25 0.98824 37.25 0.96812 
-18.50 1.0468 4.50 1.0275 9.50 1.0078 23.50 0.98789 37.50 0.96776 
-18.25 1.0465 -4.25 1.0271 9.75 1.0074 23.75 0.98753 37.75 0.96740 
-18.00 1.0461 4.00 1.0268 10.00 1.0071 24.00 0.98717 38.00 0.96704 
-17.75 1.0458 -3.75 1.0264 10.25 1.0067 24.25 0.98681 38.25 0.96668 
-17.50 1.0455 -3.50 1.0261 10.50 1.0064 24.50 0.98646 38.50 0.96631 
-17.25 1.0451 -3.25 1.0257 10.75 1.0060 24.75 0.98610 38.75 0.96595 
-17.00 1.0448 -3.00 1.0254 11.00 1.0057 25.00 0.98574 39.00 0.96559 
-16.75 1.0444 -2.75 1.0250 11.25 1.0053 25.25 0.98538 39.25 0.96523 
-16.50 1.0441 -2.50 1.0247 11.50 1.0050 25.50 0.98502 39.50 0.96487 
-16.25 1.0437 -2.25 1.0243 11.75 1.0046 25.75 0.98467 39.75 0.96451 
-16.00 1.0434 -2.00 1.0240 12.00 1.0043 26.00 0.98431 40.00 0.96415 
-15.75 1.0430 -1.75 1.0236 12.25 1.0039 26.25 0.98395 40.25 0.96378 
-15.50 1.0427 -1.50 1.0233 12.50 1.0035 26.50 0.98359 40.50 0.96342 
-15.25 1.0424 -1.25 = 1.0229 12.75 1.0032 26.75 0.98323 40.75 0.96306 
-15.00 1.0420 -1.00 1.0226 13.00 1.0028 27.00 0.98287 41.00 0.96270 
-14.75 1.0417 -0.75 = 1.0222 13.25 1.0025 27.25 0.98252 41.25 0.96234 
-14.50 1.0413 -0.50 1.0219 13.50 1.0021 27.50 0.98216 41.50 0.96197 
-14,25 1.0410 -0.25 1.0215 13.75 1.0018 27.75 0.98180 41.75 0.96161 
-14.00 1.0406 0.00 1.0212 14.00 1.0014 28.00 0.98144 42.00 0.96125 
-13.75 1.0403 0.25 1.0208 14.25 1.0011 28.25 0.98108 42.25 0.96089 
-13.50 1.0399 0.50 1.0205 14.50 1.0007 28.50 0.98072 42.50 0.96052 
-13.25 1.0396 0.75 1.0201 14.75 1.0004 28.75 0.98036 42.75 0.96016 
-13.00 1.0393 1.00 1.0198 15.00 1.0000 29.00 0.98000 43.00 0.95980 
-12.75 1.0389 1.25 1.0194 15.25 0.99964 29.25 0.97964 43.25 0.95944 
-12.50 1.0386 1.50 1.0191 15.50 0.99929 29.50 0.97929 43.50 0.95907 
-12.25 1.0382 1.75 1.0187 15.75 0.99893 29.75 0.97893 43.75 0.95871 
-12.00 1.0379 2.00 1.0184 16.00 0.99858 30.00 0.97857 44.00 0.95835 
-11.75 1.0375 2.25 1.0180 16.25 0.99822 30.25 0.97821 44.25 0.95799 
-11.50 1.0372 2.50 1.0177 16.50 0.99787 30.50 0.97785 44.50 0.95762 
-11.25 1.0368 2.75 = 1.0173 16.75 0.99751 30.75 0.97749 44.75 0.95726 
-11.00 1.0365 3.00 1.0170 17.00 0.99716 31.00 0.97713 45.00 0.95690 
-10.75 1.0361 3.25 1.0166 17.25 0.99680 31.25 0.97677 45.25 0.95654 
-10.50 1.0358 3.50 1.0162 17.50 0.99645 31.50 0.97641 45.50 0.95617 
-10.25 1.0354 3.75 1.0159 17.75 0.99609 31.75 0.97605 45.75 0.95581 
-10.00 1.0351 4.00 1.0155 18.00 0.99573 32.00 0.97569 46.00 0.95545 
-9.75 1.0348 4.25 1.0152 18.25 0.99538 32.25. 0.97533 46.25 0.95508 
-9.50 1.0344 4.50 1.0148 18.50 0.99502 32.50 0.97497 46.50 0.95472 
-9.25 1.0341 4.75 1.0145 18.75 0.99467 32.75 0.97461 46.75 0.95436 
-9.00 1.0337 5.00 1.0141 19.00 0.99431 33.00 0.97425 47.00 0.95399 
-8.75 1.0334 5.25 1.0138 19.25 0.99395 33.25 0.97389 47.25 0.95363 
-8.50 1.0330 5.50 1.0134 19.50 0.99360 33.50 0.97353 47.50 0.95327 
-8.25 1.0327 5.75 1.0131 19.75 0.99324 33.75 0.97317 47.75 0.95290 
-8.00 1.0323 6.00 1.0127 20.00 0.99288 34.00 0.97281 48.00 0.95254 
-7.75 1.0320 6.25 1.0124 20.25 0.99253 34.25 0.97245 48.25 0.95218 
-7.50 1.0316 6.50 1.0120 20.50 0.99217 34.50 0.97209 48.50 0.95181 
-7.25 1.0313 6.75 1.0117 20.75 0.99181 34.75 0.97173 48.75 0.95145 
-7.00 1.0309 7.00 1.0113 21.00 0.99146 35.00 0.97137 49.00 0.95108 
-6.75 1.0306 7.25 1.0110 21.25 0.99110 35.25. 0.97101 49.25 0.95072 
~6.50 1.0302 7.50 1.0106 21.50 0.99074 35.50 0.97065 49.50 0.95036 
-6.25 1.0299 7.75 1.0103 21.75 0.99039 35.75 0.97029 49.75 0.94999 
-6.00 1.0295 8.00 1.0099 22.00 0.99003 36.00 0.96993 50.00 0.94963 


Note: This table is generated using o,; = 1420.2 x 10° °C" 
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FOREWORD 


The Objectives 


The complete collection of the jointly issued AP/ASTM-IP tables of which this 
volume is a part is the result of close cooperation between the American Petroleum 
Institute (API), the Institute of Petroleum (London) (IP), and the American Socie- 
ty for Testing and Materials (ASTM). The overall objective of this effort was to 
meet the worldwide need for a uniform and authoritative publication, based on the 
most accurate information available. This publication serves as a basis for standard- 
ized calculations of measured quantities of petroleum fluids regardless of point of 
origin, destination, or units of measure used by custom or statute. To meet the 
objective of worldwide standardized measurement practices, the American Na- 
tional Standards Institute (ANSI) and the British Standards Institute (BSI) have 
also been closely involved nationally, resulting in the acceptance of the revised 
tables as an American National Standard and as a British Standard. In addition, in 
their respective capacities as Secretariat of the International Organization for Stan- 
dardization TC/28 and of TC/28 SC3, ANSI and BSI have been instrumental in 
progressing the revised tables towards their adoption as an international standard 
by the International Organization for Standardization. 


Historical Notes 


The present collection supersedes all previous editions of the petroleum measure- 
ment Tables ANSYASTM D1250, IP200, and API Standard 2540. Action is being 
taken in ISO/TC 28 for the corresponding tables listed in ISO R91 and the tables 
in the addendum to R91 to be superseded by the present revised collection. 

In view of the progress of metrication in countries formerly using the British 
system of weights and measures, demand for the revision of the British edition does 
not justify the considerable work involved. The present edition will therefore be 
withdrawn on the same date as the corresponding metric and American editions are 
published and will not be replaced. 

For the metric edition the new standard covers products with densities in the 
range 610.0 to 1076.0 kg/m*. The tables for densities below this range, covering 
liquefied petroleum gases, have not been revised. 

The original tables, which were developed in the late 1940s, were based on the 
1916 data of Bearce and Peffer (1916) and represent thirty years of evolution. The 
history of this evolution is summarized by Hall et al. (1975). 


Present Development 


Downer and Inkley (1972) demonstrated that the original tables were not satis- 
factory representations of many petroleum fluids of current importance. In 1974 the 
American Petroleum Institute (API) and the United States National Bureau of 
Standards (NBS) initiated a research program funded by the API which intended 
to provide the solid scientific base for the development of more accurate, conse- 
quently more equitable, measurement tables. The result of this program was precise 
density data on 349 different fluids representing a wide variety of refined products 
and 66.8 percent of the world crude production in 1974. The completion of this 
five-year, $500,000 project in March 1979 opened the way for modernizing the 
tables. Using the NBS density data and taking advantage of publications of out- 
standing technical authorities, a Joint API-ASTM Physical Properties Working 
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Group produced this present collection of the Petroleum Measurement Tables. The 
development and results of the work are described by Hankinson et al. (1979), 


Conceptual Departure 
A major conceptual departure from previous versions is inherent in the recogni- 


' tion of the present and future position of computers in the petroleum industry. The 


actual Standard represented by this volume and the companion volumes is neither 
the hardcopy printed tables nor the set of equations used to represent the density 
data but is an explicit implementation procedure used to develop computer subrou- 
tines. The standardization of an implementation procedure implies the standardiza- 
tion of the set of mathematical expressions, including calculational sequence and 
round-off procedures, used within the computer code. Absolute adherence to the 
outlined procedures will ensure that all computers and computer codes of the 
future, meeting the stated specifications and restrictions, will be able to produce 
identical results. Hence, the published implementation procedures are the primary 
Standard, the distributed subroutines are the secondary standard. and the published 
tables are produced for convenience. 
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PREFACE 


The Petroleum Measurement Tables, Volume Correction Factors (Volumes I 
through X), are, with this edition, incorporated into API's Manual of Petroleum 
Measurement Standards. These tables form Section 1 of Chapter 11, ‘Physical 
Properties Data.” To simplify the transition from the American Society for Testing 
and Materials’ (ASTM) publication of the original tables to API's publication in 
1980, the original ASTM numerical designations have been retained for the indi- 
vidual tables. 

The numbering system used throughout Volumes I through X corresponds to the 
numbering system of the Manual of Petroleum Measurement Standards. The system 
consists of a series of fields separated by decimal points. The first two fields (11.1) 
indicate chapter and section of the manual; the third field gives the ASTM table 
number. Therefore, although not serial, 11.1.5, 11.1.6, 11.1.23, 11.1.24, 11.12.53, 
and 11.1.54 are the major headings used. All other headings are subordinate to the 
three field headings. 

Volumes I through IX, which are designed for field use, are arranged on a 
functional basis rather than on a topical basis. 


First Series—Volumes |, I, and Ill 

These three volumes contain TABLES 5 and 6, the tables for the “API, °F, 60°F 
base series, plus examples to guide the user. Each volume contains specific data 
as follows: 


Volume I —Generalized Crude Oils (TABLES 5A and 6A) 

Volume II —Generalized Products (TABLES 5B and 6B) 

Volume III —Individual and Special Applications (TABLE 6C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion of each NBS sample. 


Second Series—Volumes IV, V, and VI 

These three volumes contain TABLES 23 and 24, the tables for the relative 

density, °F, 60°F base series, plus examples to guide the user. Each volume 

contains specific data as follows: 

Volume IV —Generalized Crude Oils (TABLES 23A and 24A) 

Volume V  —Generalized Products (TABLES 23B and 24B) 

Volume VI —Individual and Special Applications (TABLE 24C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion of each NBS sample. 


Third Series—Volumes Vil, Vill, and IX 

These three volumes contain TABLES 53 and 54, the tables for the kilogram per 

cubic metre, °C, 15°C base series. plus examples to guide the user. Each volume 

contains specific data as follows: 

Volume VI] —Generalized Crude Oils (TABLES 53A and 54A) 

Volume VIJJ—Generalized Products (TABLES 53B and 54B) 

Volume IX —Individual and Special Applications (TABLE 54C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion for each NBS sample. 


Volume X provides a complete breakdown of the Petroleum Measurement 
Tables, Volume Correction Factors, and references appropriate volumes for the 
location of specific tables. Volume X is the key volume of the entire set and contains 
the actual Standard, the implementation procedures, and the instructions for the 
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use of the computer subroutines. The history and development of the project are 
also included in Volume X under 11.1.6. 
Inquiries concerning the application of the tables or the computer subroutines 

should be addressed to— 

American Petroleum Institute 

Measurement Coordination 

1220 L Street, N.W. 

Washington, D.C. 20005 
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Chapter 11—Physical Properties Data 


SECTION 1—VOLUME CORRECTION FACTORS 


11.1.6 TABLES 6A, 6B, and 6C— 
Correction of Volume to 60°F 
Against API Gravity at 60°F and 
Thermal Expansion Coefficients 
(Abstract only?) 


LABLES 6A, 6B, and 6C give the factors for convert- 
ing liquid petroleum volumes measured at observed 
temperatures to the corresponding volumes at 60°F. 

The data are presented in three tables to maximize 
accuracy while maintaining convenience of use: 


TABLE 6A _ Generalized Crude Oils 
(see Volume I) 
TABLE 6B Generalized Products (see Volume IT) 
TABLE 6C Volume Correction Factors for 
Individual and Special Applications 


TABLES 6A and 6B use API gravity at 60°F to ob- 

tain volume correction factors. TABLE 6C uses experi- 

itally determined thermal expansion coefficients to 
vvcain volume correction factors. 

The development and intended use of these tables is 
described in 11.1.6 in Volume X. The parameters Ky 
and K, may be found in 11.1.24.7.1. 

The limits of these tables are illustrated in Figure 
I]I-1, INI-2, and II-3. 


+ The full text of 11.1.6 appears in Volume X. 


Data Range 


i) 40 


11.1.6.7 TABLE 6C—VOLUME CORRECTION 
FACTORS FOR INDIVIDUAL AND 
SPECIAL APPLICATIONS, VOLUME 
CORRECTION TO 60°F AGAINST 
THERMAL EXPANSION COEFFICIENTS 
AT 60°F 


TABLE 6C gives volume correction factors to con- 
vert petroleum liquid volumes to the corresponding 
volume at 60°F. The table presents tabular entries of 
volume correction factors against thermal expansion 
coefficients and temperature. The values were com- 
puted from the basic equation used to represent volume 
correction factors. 


VCF = EXP [—a7Ar(1 + 0.8a7A0)] (1) 
a7 = a at the base temperature 
Atr=1-~-T 


t 
T 


In this form the equation is independent of the group 
or substance. It can be used with any valid method 
of obtaining the thermal expansion coefficient for a 
given fluid as long as a statistically significant num- 
ber of points are obtained. A minimum of ten such 
points is recommended. The appendix to TABLE 6C 
(11.1.6.7.1) presents values of the thermal expansion 
coefficient along with the base density for each of the 
NBS samples. In addition, values of the constants Ko 
and K, are given for each major group. These constants 


any temperature 
base temperature 


50 55 100 


Gravity ° API 


Figure III-1 — Data Limits for TABLE 6A, Generalized Crude Oils 


itl-4 
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Zz 


LZ, 


40 50 85 
Gravity ° AP! 


Figure !I|-2 — Data Limits for TABLE 6B, Generalized Products 


250 
Temp 
°F 200 
150 
: 0 
300 
250 
Temp 

of 200 
150 


Data Range 


70 510 


ZZ 


ZEEE 5 


530 9330 


Thermal Expansion Coefficient x 108 (°F—1) 
Figure |li-3 — Data Limits for Table 6C, Volume Correction Factors for Individual and Special Applications 


relate the thermal expansion coefficient to base density 
by 
+ 
a; = Ko ‘pr 2 (2) 
Pr 

This table and its primary subroutine allow the use of 
measured data for previously unstudied fluids to sup- 
plement data included in the initial data base. High 
precision density data obtained from the laboratory for 
a fluid of interest may be reduced by Equation 1 to 
obtain p; and a7. TABLE 6C may then be entered with 
the a; so determined. 

TABLE 6C, when used with a minimum of ten data 
points, allows one to extract the highest degree of ac- 
curacy from the base data. It is suggested that TABLE 
6C be used when: 

1. TABLES 6A and 6B do not adequately represent 
the thermal expansion properties of the fluids of in- 
terest; 
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2. Precise thermal expansion coefficients may be ob- 
tained directly or indirectly by experiment (As an exam- 
ple, high precision density data may be used to compute 
the coefficients.); and 

3. Buyers and sellers agree that, for their use, a greater 
degree of equity can be obtained. 


The temperature ranges of this table are: 


a « 10° °F 
270 to 510 0 to 300 
510 to 530 0 to 250 
530 to 930 0 to 200 


The volume correction factors given in this table are 
based on data from the U.S. National Bureau of Stan- 
dards (NBS) and from other published data. The ap- 
pendix to this table presents values of the thermal ex- 
pansion coefficients at 60°F for each of the samples 
included in the NBS data set. Portions of the tempera- 
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SECTION 1—VoLUME CORRECTION FACTORS ill-3 


ture range represent areas beyond these data. Thus, 
mathematical techniques were employed to extrapolate 
beyond the temperature range of the given data to de- 
termine the volume correction factors for these areas. 
These factors are denoted by an asterisk (*). Extension 
of this table beyond the ranges shown is not intended. 


Increments used in this table for determining the 
volume correction factors are 0.5°F and 2 units for a. 
Interpolation between either temperature or thermal 
expansion coefficient is not intended since there is no 
practical method of interpolation that will produce the 
accuracy obtainable from the Standard. 


This table must be entered with a known ther- 
mal expansion coefficient at 60°F and with an ob- 
served temperature. 


Example 1 


What is the net volume at 60°F of 165 000 barrels of 
gasoline at 45.0°F and a coefficient of thermal expan- 
sion of 680.0 « 10° at 60°F? 

Enter the table in the column ‘“‘Coefficient of Ther- 


mal Expansion,” headed 680.0 at 45.0°F and note the 
volume correction factor 1.0102. Net volume at 60°F is 


165 000 + 1.0102 = 166 683.0 
or 
166 683 net barrels of gasoline. 
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Example 2 


The laboratory reports the following experimental 
data for a specific petroleum fluid: 


1 @ ke/m?> 
14.927 868.211 
15.918 868.0219 
20.212 864.5136 
24.955 861.187 
29.621 857.908 
32.878 855.615 
35.427 853.818 
40.162 850.475 
42.017 849,163 
44.865 847.148 


From these data the thermal expansion coefficient at 
60°F is 447.482 « 10° reciprocal °F. (Note: A mini- 
mum of ten data pairs is suggested if this type of pro- 
cedure is used.) 

What is the net volume at 60°F of 270 000 barrels of 
this petroleum fluid at 80°F? 

Enter the table in the column “Coefficient of Ther- 
mal Expansion,” headed 447.0 at 80°F and note the 
volume correction factor 0.9910. Net volume at 60°F is 


270 000 * 0.9910 = 267 570.0 
or 
267 570 net barrels. 


(Text continues on page III-7 following TABLE 6C.) 
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SECTION 1—VoLUME CORRECTION FacTORS 


API/ASTM-IP PETROLEUM MEASUREMENT TABLE 


TABLE 6C, VCF FOR INDIVIDUAL AND SPECIAL APPLICATIONS 
VOLUME CORRECTION TO 60 DEGREES F 


(C) COPYRIGHT 1980 
AMERICAN PETROLEUM INSTITUTE 


ALL RIGHTS RESERVED 


THIS TABLE AND THE SUBROUTINE FROM WHICH IT WAS GENERATED 
IS A VOLUNTARY STANDARD AND WAS DEVELOPED UNDER THE 
AUSPICES OF THE JOINT API/ASTM COMMITTEE ON STATIC 
PETROLEUM MEASUREMENT IN PART FROM DATA GENERATED BY A 
PROJECT FUNDED BY THE AMERICAN PETROLEUM INSTITUTE AT THE 


U.S. NATIONAL BUREAU OF STANDARDS, GAITHERSBURG, MARYLAND. 


INQUIRIES CONCERNING ITS APPLICATION SHOULD BE 
ADDRESSED TO: 


AMERICAN PETROLEUM INSTITUTE 
MEASUREMENT COORDINATION 
2101 L STREET, N.W. 
WASHINGTON, DC 20037 
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* 
* THIS TABLE OR THE MATHEMATICAL RELATIONSHIPS : 
= REPRESENTED THEREBY MAY BE USED BY ANYONE WISHING * 
7 TO DO SO, BUT THE AMERICAN PETROLEUM INSTITUTE, - 
* THE AMERICAN SOCIETY FOR TESTING AND MATERIALS, 2 
AND THE INSTITUTE OF PETROLEUM AND THEIR * 
- RESPECTIVE MEMBERS AND THE U.S. NATIONAL BUREAU * 
= OF STANDARDS, SHALL NOT BE HELD RESPONSIBLE OR J 
. LIABLE IN ANY WAY FROM LOSS OR DAMAGE, INCLUDING, * 
* BUT NOT LIMITED TO, CONSEQUENTIAL DAMAGE , as 
* RESULTING FROM SUCH USAGE OR FOR VIOLATION OF * 
* ANY FEDERAL, STATE OR MUNICIPAL LAWS, REGULATIONS * 
OR PRACTICES OF THE UNITED STATES OR OF ANY * 
*“ FOREIGN COUNTRY. af 
* *% 
* * 
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96¢c6° 
8626" 
00cé ° 


cOeE © 
e006" 
S0e6' 
ZOE6' 
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6+o6" 
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»G9Z6° 
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«69C6— 
xb£c6 
x8L66— 
xGlZ6 ° 


x2lé6° 
xGL26° 
x /|8c6- 
x86 
-8c6' 


9826" 
88c6° 
0626" 
c6c6" 
¥6c6° 


9626" 
86c6° 
00€6" 
cOC6" 
£06" 


SOE6" 
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0° 06€ 
0°02 


S°692 
0°692 
GS’ 892 
0° 89¢ 
G'L£92 


0°492 
G‘°99¢ 
0°992 
$°S9¢ 
O'S9¢ 


S° 972 
0' 992 
geo? 
0°€92 
G°29¢ 


0°29¢ 
G°19¢ 
0° 192 
S'092 
0'092 


$°6S2 
0° 692 
S°8S¢ 
0°es2 
$'292 


Q'2£9¢ 
9'°9S92 
0'9S¢ 
g°Sgze 
0°SS2 


Jd 


“dW3l 


OL O'OLE = VHdIV 


xPV9lL6'O 


*9916°0 
«891L6°0O 
«OZ1-6'0O 
«cLt6°O 
*VLL6°O 


*9L16°0O 
«8Z16°0O 
«0816°0O 
*x€816°0 
xSB816°0 


«Z£81+6°0O 
*6916'0 
xb6-6°O 
»£616'0 
«S64+6°0 


«L646°0 
«6616 '°0 
xlLO¢@6 0 
*£0¢6'0 
*026'0 


«2026 '0 
“60060 
wt t+e26'O 
~&4+26°0 
»Gbo6'O 


xibt26'0O 
*64L26°0 
xb2c6'0 
£0060 
«9226 '0 


0°O06€ 


«6946 


wt Zb6° 
wELL6 
xGll6' 
wLLle’ 
«s6Lb6° 


«tL BLE” 
xEBL6 ‘ 
«GBlée° 
«LBL6- 
«6B1L6° 


a b6b6° 
xS6 46° 
«S6L6° 
wL6L6° 
u66L6° 


«bOZ6" 
u€026° 
xGOC6' 
«L076 ° 
«6006° 


xb bob’ 
xO ECG" 
aGbkZ6° 
xLbZ6' 
x64L26° 


a4 
u€Oc6" 
«9oc6° 
*LeZ6° 
«6206 - 


0° 88e 


o 


ooooco oo00o0o o0000 9o0000 o0o0ceo°o oooce 


Ott 


«9BL6°O 


«8846 °0 
«O616°0O 
«2616 '0 
«¥6+6°0 
«9646'°0 


«8616 °0 
«00260 
«2026 °0 
«b026'0 
«9026 0 


«8026 '°0 
xO0L26°0 
«0260 
a¥tz6°0 
x9426'°0 


«8L26°0 
«0226 °0 
«22660 
«€2c6 0 
xS3a6 0 


«L276 '0 
«6226 '0 
x b€26 0 
*"€O06°0 
aSEZ6'°0 


xZ€26'0 
a6Ec6 0 
at¥c6'O 
#€0c6'O 
aSvZ6'O 


«O6L6°O 


«Z616°0 
«¥616°0 
«9616 °0 
«8616 °0O 
«0026 °0 


«20260 
x¥026°0 
«9026 °0 
«8026 °0 
uOb26°O 


«2b26°O 
«VL26°O 
«91¢26'°0 
~8426'°0 
«02¢6'°0 


«2226 0 
a¥oc6 0 
«9206 0 
«8¢2d6 0 
*O08C6'0 


«26260 
«fE26 0 
~GEc6'0 
aZ€¢6'0 
«66260 


«bt e6'O 
«67260 
«S0zZ6'0 
«xZv26°0 
«6026 '0 


4d 09 OL AWNIOA SNTLOAYHOO HOS 


wEZ46°O «2Z216'°0 «Z28b6'0 
uGL16°O «6216'O «816'0 
«ZL16°O «tBL6'°O »«9816°0 
«6216'°O n€8L6'O «8816'°0 
wt8t6°O «S8lL6'O «0646'0 
xE846°O «Z8L6'O «Z616'0 
«G8l6°O «68l6'0O «’6l6'0 
«L816°0 «t6L6°O «9616'0 
~6816°O «€616'0 «8616'0 
xt646°O «S616'0 «00Z6'0 
w€646°O «2616'0 «2026'0 
xG6L6°O «6616'0 «t0Z6'0 
«Z616°0 «10Z6°0 «S026'0 
«6646°0 «€026'0 »«£026'0 
ut026°0 «G026'0 «60Z26'0 
n€076°O0 «Z006'0O uttZ6'0 
«G026'0 «6026'0 «€126'0 
wZ026°0 «th26°0 «G126'0 
16026'0 «€42Z6'0 «Z£+26'0 
wt tZ6°O «G426°0 «61L26°0 
nEbZ6°O xlLbZ26'°0 «tzZz6'0 
«G426'0 «6426'0 »€226°0 
«Z426'0 «b226°0 «G$226'0 
«6426'O «€226'0 12226 '0 
xtéce6°0 «Gé2é6'0 »6226'°0 
n€2C6'O «£076'0 »b€Z6°0 
«$2C6'0 «6226'O »€O26'0 
»Z@26'0 «b€26'0 «GEZ6'0 
16226'0 «€€26'0 »Z€26'0 
«b€Z6°0 «GEZ6'O «6E¢6°0 
w€OZ6'0 «ZLE26'O «bt ¥Z6'0 
0°98 O'vse O° Zee 
(4 9)3q/1) ‘0000001 


0° OBE 
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« NOISNWdX3 WYHSHL 
4 09 OL NOILOAYHOD SWNIOA 
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4Z646°O «t076'0 
~«66L6°0 «£026 '0 
«L0Z6°0 «S026 '0 
»€006°0 «2026 '0 
«$026'0 «60260 


“90¢26°0 «bLte6'0 
«8026°O «€126'0 
xOLZ6'O «G126°0 
xZ2b26°O «LbZ6'0O 
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“9L26°O «0226'0 
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uPE26'O «8E76'0 
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“8E26'O «2026 '0 
“O0v¥26'0 «¥h26'0 
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x€¢606 0 
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«L%e6'0 
x60c6 0 
x0E26°0 
“S866 °0O 


«VEZ6'0 
«9€¢26'0 
«BEC6 0 
«07c6 0 
«G¥C6 0 


«¥0Z6'0 
«9VZ6'0 
«8976 '0 
~0SZ26'0 
*0S¢6 0 


«?S26°0 
«$926 '°0 
«l$26'0 
«6926 °0 
«49650 


0°2Le 


«BOC6" 


xOLZ6- 
xab76’ 
«¥LZ26° 
«Gto6- 
xhbo6’ 


x 64-76" 
abt 276° 
u&2c6° 
»Geo6- 
nL&c6e- 


«6226 ° 
u b€26° 
wn O26 ° 
nG&c6- 
uZ0c6° 


»8EZ6° 
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uP PCE” 
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ooo0oo o0000 o000co o00c0o 0o000o90o ooo 
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§'e9¢ 
0°892 
G'19¢ 


0°4£9¢ 
$'99¢ 
0°99¢ 
S°S9 
0°S9¢ 


S' roe 
O' #92 
G'£9¢ 
0'€9¢ 
$'29e¢ 


0°292¢ 
G'lL92¢ 
0° 192 
5°092 
0°092 


S'6S2 
0'6S2 
$'eS¢ 
0'°8S¢ 
G'L9¢ 


0°£92 
G°9S2 
0'9S2 
G°SSZ2 
0°SSz2 
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“dW3L 
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0°06 OL O'OLE = VHdI1V 


0°S82c 


Sed 
0° v8 
S‘°e8e 
0°€82 
G' 282 


0° 282 
g° 182 
0° 182 
$°08¢ 
0°082 


$°622 
0'622 
S'8l2 
0'B22 
S'Lde 


O' 222 
S$°922% 
0°92 
S'Sie 
o'Slé 


Splice 
O' vic 
a aA 
O'el2 
G'°2Le 


O'ede 
Gee 
O'LL2 
S'Ol2 
0'022 


d 


“dWal 


«bOl6°O 


*9016°0 
«8046 °0 
wOLLE'O 
«244650 
x PLLE'O 


x9L46°0 
«@bLb6°O 
«0246 '°O 
4Z246°O 
nbele'O 


«9ZL6°0 
x82b6'°O 
xO€L6B'O 
xCEL6°0 
xPElLB°O 


x»9E4L6°0O 
«BELG O 
«O¥16'°O 
x2vl6'0 
abbL6'0O 


«9P1L6°0 
x8PrL6°0O 
x»OGS16'0 
«x2Sl6°O 
«bSl6°0 


«9946 °0 
u8S46°0 
w~O0916'0O 
+296 'O 
xPV9L6B°O 


0°06 


«BOL6'O 


xOLL6'O 
«x2bb6'O 
aVt+6°0 
«9b46°0 
«8b L6°0 


x0ZL6°0 
u2Gb6°O 
«¥216°0 
#9216 °0 
«8216 °0 


«OELE*O 
xZE46°0 
wPELB'O 
xZEL6'O 
x6E1L6°O 


«bP bL6G°O 
wEPVL6°O 
«SPl6°O 
*2ZV16'°0 
«6016 '°0 


xbtSGl6°O 
x€94L6'0 
~«GSlL6'O 
«xlGlL6'O 
x691L6°0 


xb9l6'O 
xE916'°0 
«G9lt6°O 
«Z91L6°O 
»691L6°0 


0° 88Ee 


xEb-L6°O 


xGbLl6'O 
xZbb6°O 
«6446 °0 
x b2b6'O 
xf216'O 


«GZ2t6'O 
wLZ16°0 
«62160 
wl&té6' 0 
nfEL6'O 


«GEL6°0 
«Z€+6°0 
«6EL6°0 
wb Pl6°O 
x€F16°0O 


«SPL6'O 
w«L¥l6°O 
x6¢01L6°O 
xbGlt6°O 
«€S16°0 


xGS1L6°0 
xiG+6°0 
“6916°0 
xl9l6°O 
«€916°0 


«G9b6°0 
«2916°0 
«69160 
xb Zl6'0 
«E216 °0 


0°98¢ 


(4 9aq/1t) 


x8bL6°O 


x0246'°0 
*20b6'O 
«¥246°0 
n9Z46°O 
n8Z46°O 


xO0E4L6'°O 
aZ€l6°O 
a POG 'O 
«9EL6°O 
«BELB'O 


xOVIL6'O 
xePb6'O 
«b¥¢?l6°O 
x9¢V4b6°O 
»B8PLE'O 


xO0GL6'O 
#@Gb6°O 
«¥Git6'0O 
*SGL6'0 
uZ946°0 


x6S16°0 
wb Ob6°O 
~E9L6°O 
xS9OL6B°O 
«Z9L6°0 


*x6916°0 
wbLt6°O 
xE LEE O 
*GZbt6°0O 
xZZbt6°0 


xoob6'O 


«¥21L6°0 
x9Z46'°0 
nB216 0 
xO€b6°O 
uZ€b6'O 


uVELE'O 
w9E46°O 
«BELLE 0 
«0716 °0 
névl6'°0 


«¥?16'0 
xn9PLE'O 
nO8VL6°O 
xOGt6°O 
+eGbt6'O 


a¥Sl6'°O 
«9916'0 
x8G16°0 
*0946'0 
x09L6°O 


aV9L6°O 
«994L6°0O 
~»8916°0 
xOLL6'O 
x&2Z¢+6°0 


aVZt6°0 
u9246°0 
a8216°0 
«0816'°0 
»2816'°0 


6b 


uZ&b6°O 


x6246°0 
x bE b6'O 
a€6O16°0 
aGEL6°0O 
aZEL6°0 


«6E46°O 
abvt6'O 
aS¢l6'O 
«SPpl6'O 
aZvl6'0 


n67V4-6°0O 
abkGl6°O 
»£S4L6°0 
«GG46°0 
#ZGlL6°0 


n6S46°0 
~091+6'0 
«2916 °0 
nVOLE'O 
»9916'°0 


«891L6'0 
xOZL6°O 
xo2Zt6'°O 
x«PZlL6'°O 
x9Z16'0O 


«8246 °0 
*O06L6°O 
«ZBt6°0 
«PBL O 
x9B16°0 


«Z€+6°0 


»VE1L6'0 
w9E46'O 
xBE16' 0 
xO716°0O 
wb ¥l6'O 


«E716'°0 
nS716°0O 
«Zvl6'0 
»6V16'0 
«bGt6°0 


x€G16'0 
*«SSL6'0 
*Z916'°0 
x6G1-6'0 
x bLOL6'O 


x€91'6'°0 
«S9L6'O 
x»Z916'°0 
x6916'°0 
«bZb6°0 


«€L16°0 
»SZ1L6'0 
xiZlL6'0O 
*6216'°0 
«t816°O 


«S86 O 
«9816'0 
xZ816°0 
«88160 
*06+6°O 


«9E646°0 


«BEL6'O 
xO0¥V4L6'O 
xeplé6e'do 
«vvt6'O 
«9P74L6°0 


xnBb4L6'O 
xO0G1t6°0 
*0Gt6'O 
«VSL6B'O 
«9S1L6°0 


x8SL6°0 
«0946°0O 
u29b6'°0O 
uP9OLB'O 
«991L6°0 


»8916'°0 
*6916'0 
xtZ$6'°0 
w€2L46'°0 
wG2Zt6'°0 


xZZ+6°0 
*6216°0 
xbtBlL6'O 
«O86 °0 
«SBLE'O 


«28160 
«6816 '0 
«b6b6 0 
x€616°0O 
*G616°0 


4d 09 OL SNMIOA SONILOSYHOO HOS HOLOVA 


0° VBE 


0° 2B8Ee 


0°08 


0° 8Ze 


“OCOOO000L «x NOISNVdxX3 IWWHAHL 


4 09 OL NOILOASYYOO AWNIOA 


O°9LE 


SNIVA GALVIOdVYLXa SALONAC » 


xb VL6°O 


x€7L6'0 
aGPl6'O 
wZ¥t6'O 
n6Vb6°O 
«bGb6°O 


xES4L6'0 
*SS4L6°0 
xZ£916°0 
«8S1L6'°0 
x0946'°0 


nc9b6'O 
«79L6°O 
«9946°0 
«8916 °0 
“OZ4b6°0 


w@2Zb6'0 
aPlLt6°0 
n9L16°0 
nBL16°0 
»08+6°0 


«2846 °0 
«¥8L6°0O 
«9816 °0 
«8816 °0 
«6816 °0 


x +646 °0 
x6646'°0 
xG6L6°O 
«2Z646°0 
x» B646°0 


O' rls 


dO LN3STOISAAAOO 


SNOILVOIIdd¥ WI0adS GNY IWNGIAIONI Os JOA ‘O09 JA1EVL 


x9PbL6°0O 


w8¥16'°0 
xO0S16°0 
x btGb6'0O 
x€946'0 
*SS46°0 


*Z£G46'°0 
«6946 °0 
x b9b6'O 
x€916'0 
x9916°0 


«2£946°0 
x6916°0 
wtZ+6°0O 
x€246'°0 
aGZl6'O 


wi£l6°O 
xOZ16'°0O 
«0846 '0 
«tBl6'0 
«vV8l6'O 


29846" 
«8Bl6° 
x O06L6° 
xZ6LE° 
« V6L6° 


oO o0000 


«9646° 
«8646 °0 
«0026 °0 
«2026 0 
»€026 0 


O'?Le 


xOS4+6°0 


»eGb6°0 
«bSL6'0O 
«9S16'0 
n8946'°0 
x0916°0 


«2946 '°0 
x ¥91L6°O 
x9916°0 
x8916'0 
xO0Z16°0 


x bZb6'0O 
x€246'°0 
aGil6°O 
«ZZL6°0 
«6246 °0 


*bBL6°O 
x€816'°0 
~S8l6°0 
»Z816'°0 
x6B46'°0O 


«+646°0O 
n€616°0 
«?616°0 
x9616°0 
«86L6°0 


«0026 '0 
«2026 0 
«b0¢c6'0 
«9026 '0 
*80¢6 0 


O'OLE 


0°S82 


Gree 
0' v8 
G° £82 
0't8e 
$282 


0° 2982 
S° 182 
0° 182 
$°082 
0°08¢ 


S'622e 
0°62 
G°@le 
O'8iz2 
S°2de 


0'2£22 
$'9L2 
0'°922 
g°Sl2 
0'SLe 


S$ 7le 
0'F72e 
g'e22 
0O°eL2e 
Sele 


O° cLe 
GS ble 
O'LL2 
G'022 
0°02 


d 


‘dWatL 
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‘O6GE OL O'OLE 


“OO€ 
“6640 
“662 
“B86¢ 
“862 
“L6¢ 
"L620 
“962 
‘962 
'S6¢e 
“G6 


'b6e 


“26¢ 


“é6¢ 


"682 


“£82 


"L8¢ 


oOmMono MNMOMWOW OMOWO Monon omMmowo MWonmow Oo oO 
} tse] 

fo») 

N 


«x€V06 


xGvQ6° 
«xZ¢06° 
«6706 ° 
x /S06° 
x€S06° 


+GS06° 
*ZS06° 
«6906 — 
« k906° 
£906" 


*9906° 
+2906 ° 
«6906 ° 
«4206 ° 
«€206 © 


*GZ06°- 
«£206 ° 
«6206 ° 
« b806° 
«x €806° 


«9806 


«£806 ° 
«6806 ° 
* L606" 
+ ¥606° 


«9606 ° 
«8606 ° 
xO0016- 
x COL6- 
«POL6" 


0° O6€ 


ae) 


eocoooo ooo0ocoe ooc0o090o eoece°o ooooo oooco 


= VHd1V 
«8706 ° 


«x0S06° 
«2G06° 
«¥S06° 
«9906 
«BS06° 


«0906° 
«¢906° 
«x P906~ 
*«9906° 
«8906° 


x0206° 
*0L06° 
«¥L06° 
*9Z06° 
#8206" 


«0806 ° 
+2806" 
«b806° 
x9B806° 
«8806 


x0606' 
«606° 
«V606— 
«9606° 
x 8606" 


xO0016° 
«cO16° 
«POL6” 
«9016° 
xB8016° 


0° Sse 


0 


eoo0co coo°0o°o0°o eooco o0o00ocoe ooooo oooo°o 


x€S06°0 *8906'0 *€906° 
«GS06'°0 «0906'0 «S906° 
*£S$06°0 »«2906'0 «2906° 
x6906°0 «#906'0 «6906° 
«+4906°O0 +«9906'0 «tLO06° 
«6906'°0 «8906'0 «€206° 
«$906'0 +0206'0 «SZ06° 
*£906°0 «2£06'°0 +«242L06° 
«6906 '°0 «#406°0 «6406° 
x+t206°0 «9406'0 «xBO06~ 
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ocre 0 
Perse 0 
seve 0 
Lvv6 0 


O° Pred 


dO LNATOI34S090 


SNOILVOI1dd¥ WWIO3dS GNV IWNGIAIGNI yO4 4OA ‘99 ATEVL 


oOce6'0 


yEE6 0 
BEEG ‘0 
+ve6'0 
Gve6'0 
6rE6'O 


eSE6°0 
9Se6'0 
09£6'0 
7966 '0 
89€6'0 


bZ66°0 
g4€6°0 
62£6°0 
E8e6 0 
28€6°0 


O06E6 0 
v6es 0 
B6E6 0 
c0v6e 0 
SOv6 0 


606 '0 
ELv6'O 
ZLv6°0 
Ocré 0 
vere 0 


8cv6e'0 
cere 0 
Sere 0 
6ErE 0 
ervve' oO 


O°cEel 


cee6 0 


9€€6°0 
6cce 0 
eves 0 
2ve6°0 
LS€6°0 


vSe6'0 
8Se6'0 
z9e6 0 
99€6°0 
69€6'0 


€Z€6°0 
ZL€6°0 
L8e6'0 
v8e6'O 
gee6 0 


c6E6'0 
9666 0 
00v6 0 
€0r6 0 
40¢6°0 


bLy6'O 
Slv6°O 
BLvE'O 
eev6e'o 
92¢6'0 


Obv6 0 
Cevé6 0 
Zev6 0 
L¢v6é 0 
Srré'0 


0° 082 


0°OS} 


S'6¥l 
0°6Pl 
Ser 
O’erl 
S LPL 


O'2L¢L 
SOF 
O'9L 
S’Stl 
O'SHL 


SPP 
O' PPL 
Sev 
O' ev 
soph 


Ocul 
S'LeL 
O'LeL 
S‘OPl 
0°OFT 


$°6E1 
0'6et 
S°Sel 
O'SEL 
G°LEL 


O° Let 
GOEL 
O'9EL 
S°SEL 
O°SEL 


d 


“dW3l 
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0°OS2 
O°S9L 


GS’ POL 
O° rol 
S°eoL 
O'est 
S°col 


O°’ 29 
S° LOL 
O'19L 
S°O9L 
0°O9t 


GS’ 6S1L 
0°6S1 
SSS 
O'Sst 
G'LS1L 


O'2S1 
S°9SL 
O'9SI 
S'SSIL 
O'SSI 


GPS 
O's 
SEs 
O'est 
SoS 


O°cGl 
G’LSL 
O'LGL 
S‘OSL 
o°Oost 


4 


“dW3L 


OL 0'O&2 
*Z616°0 


*LOZ6'°0O 
«GO0Z6'0 
*6026°0 
x&bZ6°0 
*91t26°0 


«0226'0 
«?cc6°0 
«8226 °0 
«0626 °0 
x9E26'0 


«0726'°0 
«b¥c6'0 
«Z7c6°0 
«4Gc6°O 
«SS¢6°0 


*6926°0 
*€926°0 
«£926 °0 
atl26°0 
*GlZ6°0 


«8226 °0 
«2826 0 
«9826 '°0 
x0626°0 
*¥626°0 


* 86260 
+Z20€6'0 
*90£6°0 
«6066 °0 
ele6'O 


0°0S2 


BOF 


= VHd1V 
»6616°0 «1026°0 +€026°0 «9026'0 «8026'0 «01z26'0 
*€026°O «GOZ6'0 +2026'°0 «0426'0 uZb26'O u¥tzZ6'O 
¥£006°O «60Z6'0 41 126'0O «€426'0 +S426'0 «8426°0 
+b4106°0 x€126°0 «Gl26'0 «Lt26'°O «6126'0 «1z26'0 
#GlC6°O «£b26'O «6126°0 «bZ26'O «6226'0 «927260 
#6L06°O «1226°0 «€226°0 «G226'0 «£226'0 »6Z26'0 
160060 xt226'0 «L226'0 «6226'0 «l€Z6'O «€E26'0 
“9006 0 «8006'0 «O€26'0 «€626'0 «GEZ6'0 «Z£€26'0 
#06060 «Z€26°0 «VEZ6'O0 «9E26'0 «8E726'0 «bh ¥Z6'0 
#VEC6'O «96760 «B8E76'°0 «OPZ6°0 «2v26'0 «hvZ6'0 
s8EC6°0 «0¥26°O «ZvZ6'0 «¥¥Z6'O «9P76°0 «8¥Z6'0 
400C6'0O «¥26'0 «9726'0 «8h26'0O «0S26'0 «2Sz26'0 
#9726'O «8026'0 «0S26'0 «2626'0 «¥SZ6'0 «9926'0 
#6706°0 «19260 «#S26'0 «99Z26'0 +«8S26'0 »0926'0 
#€S06'0 «G9S26°0 «2976'0 «6S26'0 «1926'°0 »€926'0 
41G06'0 «6926°0 «1926'0 «€926'0 «$926'0 «2926'0 
*b9C6°O «€926°0 «S926'0 «£926°O «69Z6'0 «12Z6'0 
*G9C6'O «2926°0 «6926'°0 «tL26°O «€226'0 »«G2Z6'0 
*6926°O «tL26°0 «€L76'0 «GL26'0 «LL26'°0 «6426'0 
w€L26°0 «G426°0 «2226°0 «6426'0 «!826'0 «€826'0 
«£126°0 «8426°0 «0826°0 «2826'0 «v826'0 +«9826'0 
*0826'°0 «c2826'0 «¥826°0 «9826'0 «8826'0 +«0626'0 
«¥8Z6'°0 «9826'°0 +8876'0 «0626'0 «2626'0 «b626'0 
*8826'0 «0626'0 +2626'0 «¥626'0 +9626'0 «8626 '0 
*0626'0 «¥626'0 «9626'0 «8626'0 +«00€6'0 »«20€6'0 
*9606°0 «8626°0 «00€6°0 «20€6'0 «f0E6'0 «S086'0 
x00€6°O0 «Z0€6'0 «€066°0 «SOE6'O »L0E6'0O «6066 '0 
*VOEG'O «G0E6'0 +«Z0€6'0 «60E6'O «lL LEGO «LEGO 
*Z0€6°0 «G0E6'O «tb lE6'O xELE6'0 «GLEG'O «ZLE6'0 
abl€6°O0 «E1E6'O «GlE6'O «ZLEG'O «GLEG'O «bZe6 0 
GtE6°O LLEG'O G6IEG'O 12€6'0 Ez2E6'0 vee6'O 
4 09 OL AWNIOA SONILOAYHOO HOS 
0'8¢Z 0° 9FZ Ove. Oc. 0°Ord 0° 8e2 


(4 5930/1) “0000001 »« NOISNVdX3 IWWHSHL 
4d 09 OL NOTLOAYHOO AWNIOA 


x6bLZ6° 


x91 Z6° 
«02706 ~ 
«¥2c6- 
xLZZ6° 
x bEo6" 


«GEZ6° 
«BEZ6 ° 
xBVC6 ° 
«926° 
xO0S26° 


«x ¥SGZ26° 
«8S¢6 
*09C6- 
*S9C6° 
*69¢6~ 


n€L26° 
*ZLZ6° 
«eb Bc6- 
«¥8c6° 
*8826° 


. 


oooco ooooo eocoo°o eoooce ooocoo oooo0°o o 


«2626 
*9626 
«0086° 
E086 
xZ0E6 


. 


wb lee” 
«GlLE6~ 
*6LE6° 
*&cc6- 


SN TVA 
xPVLZB'O 


«8L26°0 
xocc6 0 
«92260 
xO&C6'O 
xSEc6'0 


xZ€26°0 
«bLvc6°0 
*«G¢¥c6'0 
«67260 
*x0Gc6 0 


«99260 
«0926 °0 
«¥9c6°0 
*8926 °0 
«4226 °0 


*GlZ6'0 
«6226 0 
*€826 0 
«9826 0 
«06260 


«¥626'0 
+8626 0 
«Z0€6 0 
*S0€6°0 
*60€6'0 


*E LEGO 
*ZbL€6 0 
«2&6 °0 
*x¥cf6 0 


92E6°O0 Sceé6'0 


yOLOV4 
0°9€2 


O' vel 


dO LN3IOISI3A0O 


SNOILVOITdd¥Y IWIO0adS ONY IWNGIAIGNI YO4 430A ‘99 J1EVL 


GaLV1OdVHLX3 SALONAC « 


«itc6°O 


«066 °0 
x¥oc6 0 
«826 '°0 
*0E6C6 0 
*G&C6' 0 


«6E26°0 
«x€0Z26°0 
«L¥26°0 
«1Sc6°0 
«¥S26°0 


«8S¢6 0 
«2926 0 
«9926 °0 
«0226 °0 
x €L226°0 


x£L26°0 
« b4826'0 
«G826°0 
«886 °0 
x 26060 


«9626 '0 
x00€6'0 
xVOE6'O 
*LO0€6°0 
«at lLE6'0 


«Gl€6°O 
x6LE6°0 
«6ZE6 0 
x9ZE6'O 
occE6 0 


0°ceZ 


«6426 °0 


«2226 0 
«9226 °0 
«0€26°0 
«VEC6 0 
«86760 


«bv¥c6'0 
«G26 '0 
«6926 '0 
x€S¢6°0 
«9926 °0 


#0926 °0 
«¥926 0 
«8926 '0 
*2L26°0 
*Gic6'0 


~«6226'°0O 
x€826°0 
«2826 °0 
*06¢6°0 
*¥676°0 


«86260 
+2060 
«G0€6'0 
«60€6 0 
«EbLE6'O 


«ZL€6°0 
xt Z€6 0 
x¥cf6°0 
x86 '°0O 
cbe6'0 


0°02 


O°SOL 


S*P9L 
O° POL 
GEOL 
O'e9t 
S°c9Ol 


O'2ZOL 
S'LOL 
oO'19L 
G°O91L 
0°09 


S°6S1t 
0°6S1L 
S°8St 
0°S8S1 
GS 2GL 


O°'4St 
S°9SL 
0'9GL 
S°SGIL 
O'°SSL 


S' PS 
O° rst 
g°est 
O°eSl 
SoS 


O°?eSl 
S°LSL 
O'LSL 
S°OS} 
O°OSt 


d 
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“OSL 


“6L4 
“6L1 
“BLL 
“SZt 
“LLb 


“LEI 
"9Lt 
“OLL 
“SZL 
“SLI 


“elt 
“elt 
“elt 
“Edt 
“elk 


“OLb 
“bb 
“bLb 
“Olt 
“OL 


“691 
691 
“891 
“89L 
“L914 


29 
“99L 
“99 
“SOL 
“SOL 


Owonwno WOMnOMmW OM COMO NOnMow OCONMONO NMOMONM OO OO 


d 
“dWal 


“OSG2 OL O'OEL 


«08060 


«¥806 0 
«8806 0 
«2606 0 
«9606 0 
*0016°0 


*«vOl6'°O 
«8016 '°0 
xbEL6'O 
*GbtLi6'O 


_xGELL6E'O 


x€Z46'O 
aZZet6'O 
«t&b6°O 
xGEL6°O 
*«6EL6'O 


xEPVL6'O 
x9VL6°O 
xOSL6°O 
«¥Sl6°0 
«8S1+6°0 


«2946 °0 
*991L6°0 
*OZ16°0 
aVZt6°0 
*8ZL6°0 


ab BL6°O 
*SBL6°O 
*6BL6'°0 
*f616°0 
*£4646°0 


0°OSZ 


60% 


= VHd1v 
*€806°0 «S806'°0 «8806'0 «0606'0 «€606'°0 +«9606'0 
*Z£806°0 «6806'°0 «2606'0 «¥606'0 «2606°0 «6606'0 
*+606°0 «€606'0 «S606°0 +«8606°0 »«0016'°0 «€016 0 
*¥606'0 «24606'0 «6606°0 «2016°0 «vOl6'O «2016 '0 
«B8606° 0 «+016°0 «€016'0 «9016'0 «8016'0 «blLl6 'O 
xCOL6°O «SOlLG'O «Z016°O «OLLEG'O «2bhG'O «hLl6'O 
“90L6'°O «6016'O «bblLG'O «ELILG'O «9lLlLG'O «BbLtG'O 
xOLLG'O +2416°O «Gtt6'O «ZLbG'O 41O0d16'O «ccl6 0 
aVLL6'O «OLIGO «6LL6'O w«bcl6'O +E216°O «9Z16°0 
«8b16° O «O0016'O «ECL6'O «SclL6°O «416 0 «0816 0 
«@Zb6°O «#2t6'O «9CLG°O «6ZL6°O «tElLG' O «bElE'O 
*«G216°O «8216°O «O€16'O »EEL6°O »«SEL6°O «LE16°0 
*6216'O «2E16'O «PEL6'O «9E16°O «G6GELG'O «tvl6'O 
*+EELG'O «9EI6'O «BELLE O «.OKVLE'O «EPLE'O «SHIGEO 
«Z€16°O «6€16'0 «27l6°0O «P¥lL6°O »97I16'0 «67160 
«b¥lLG'O «€716°0 «9vVlL6'O «B8hIE'O +«OSt6°O «EGIE'O 
«GVL6°O «ZLVl6'°O «O0GI6'O «2St6°O «b¥St6°0 «9SI6'0 
«6716°O «1Gl6'°O «ES16'0 «9S916'O «8S16°0 «0916 '°0 
*€GLE°O «SS16°0 «45916'0 «0916°0 «2916'0 «79160 
*Z4916°O «6916°0 «1916°0 «€916'0 «9916°0 +8916 0 
«0916°O +€916°O «S916'O «2916°O «OZtG'O «c2t6°0 
«V9L6'O «2916'O «6916°0 «b216°0 «OL16°0 «9416 '0 
*891L6°O «0216'0 «EZ16'0 «GZ16°0 «ZLi6°0O «6216 °0 
«0LZ16'°0 «7216'0 «242416°0 «6416°0 «1916°0 «€816 0 
*9Z16°O «8216'0 «0816'0 «€816'0 «S8I16°O «L816 0 
«OBL6°O «2816°0 «6816'0 «9816'0 «6816°0 +1616 '0 
*P8l6'O +«9816'°0 «8816'0 «.0616'0 «€616'0 «S616'0 
x88L6°O .0616'0 «2616'0 «P616'O «96160 «6616 '0 
«b6l6°O «7616'°0 «9616'0 «8616'0 «0026'0 «c0c6 0 
*S6L6°O «2616°0 «0006'0O «2006°0 «¥0C6'0 «9026 0 
*«6616°O «10726'°0 «€026'0 «9026'0 «8026°0 «Ob26'0 
4d 09 OL AWNIOA ONILOSYHOD HOd 
0° ars 0° 9¢s Over. O'crd O°'Ors 0'8eE2 


(4 930/t) ‘0000001 » NOISNVdX3 IVWHSHL 


4 09 OL NOTLOSYHYOO AWN IOA 


«8606 ° 


x2Ot6° 
xSO01L6° 
x 6016" 
zObte° 
weLLbL6° 


«bkZle- 
*¥cl6¢ 
«8cl6' 
aGEL6° 
«a9ELG° 


xOPL6- 
«PPLE 
«2v¥l6° 
abtGl6’ 
«SSbL6° 


«6G16° 
x€916° 
*«9916° 
xOZ16° 
xbilé- 


*«8Zl6° 
«CBl6° 
«9816 
«6816 ° 
«€616° 


*Z616° 
x 4bO0Z6° 
«G06 
«806° 
xobc6- 


HOLOVA 
0°9€2 


ooo0o0°o oocoo o0000o0 900000 ooooo ocecj[e o 


SNIVA G3LVIOdVHLXa SSLONAG « 


«00-6 'O 


«VOl6'O 
«80160 
«xtbté6'O 
«GLt6'O 
«6L16°0 


«E216 °0 
xZ@t6°O 
x lL&L6'O 
«VEL6'O 
«816 °0 


xovt6'O 
x9¥716°0 
«x0S1+6°0 
«¥SLlL6°0 
*Z$16°0 


«+916°0 
«9916 °0 
«6916 °0 
*tL16°0 
«92+6°0 


«O081L6°0 
«¥8i6'°0O 
«886° 0 
«2616°0 
«S646 °0 


«6616 0 
«£026 0 
*Z026 0 
«bbe6°O 
«¥tc6'O 


O' vel 


4O LN3TI9TAASIOO 


SNOILVOIlddv¥ IWIOSdS GNV TWNGIAIGNI YOd AOA ‘99 AIEVL 


«OLE O 


«L046°0O 
«O44+6°0 
«PLLE'O 
«BELG 'O 
x@cl6 "0 


«9246 °0 
x6c016°0 
x€EL6'O 
eLEt6 
xb ®l6- 


«bVVL6° 
«B¢16° 
«cGl6° 
*x9GL6° 
«O9t6° 


x€91L6° 
«aLZ9L6° 
abZb6° 
xGllL6° 
x6Lt6° 


*CBl6' 
«98L6° 
xO6L6~ 
«xV6L6° 
«86L6° 


x bO26" 
«50¢6° 
x60¢6° 
xO C6" 
«L426 ° 


eoo0o00 ooo0c0o o00co e000o 8° 


O° ces 


«GOL6" 


«6016° 
xf b6° 
eLLl6° 
xOC16° 
«VZL6" 


«B8C46" 
xGEL6° 
xGELE” 
xBEL6” 
«OV716° 


wl vl6- 
«bt Sl6° 
«0S16° 
«8SL6° 
«796° 


*9916° 
*xOLL6° 
xOLb6° 
alLZté- 
xt 8té6- 


«G8bté° 
x88t6~ 
xC646° 
«9616° 
x0026° 


x?026° 
«x2026° 
wb bee’ 
“Gtc6- 
x6426° 


0°0e2 


0) 


oocoo oooocoo oocoo oooo0o ooooo oooo°o 


0° 


oOwono mwomown onowneo monwmow owmoueo WwoOwo wo 


Ogt 


“6Lh 
“6Lt 
“Olt 
“BLh 
"2db 


"LL 
"OLI 
“OZLL 
"GZt 
"GLL 
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0°OSZ OL O° 0€L = VWHdIv 


O°S6L 


S°v6l 
O° v6l 
S°€6h 
0° €6L 
S°cé6L 


0° 261 
S°'L6L 
O° L6L 
S°O6t 
0°061 


S°6et 
0°68 
S'88l 
0°S8st 
$°Z8L 


O°L8L 
$°98l 
0°98t 
S‘S8t 
0°S8t 


Sel 
O° Pst 
SEs 
O'est 
S’ eek 


0° cSt 
S° teh 
0° +8h 
$°O8l 
0°08 


d 


*dWal 


«6968 °0O 


«2968°0 
xbZ68°0 
*G268°0 
*6Z68°0 
#868 °0 


«2868 '°0 
«/668' 0 
«P6680 
«8668 '0 
«2006 '0 


*9006'0 
«0406°0 
«¥L06°0 
*8t06°0 
*3206°0O 


«9206'°0 
*0€06°0 
«VS06°0 
*Z€06'°0 
«xt v06'°O 


«$v06°0 
*6706'0 
x€906'0 
#£906°0 
«+906'°0 


»$906°0 
«6906 °0 
42206 '°0 
«9206 °0 
*0806°0 


0°OSZ 


x9968'°0 


*«0268'0 
«¥/68'0 
«8268 '°0 
«2868 °0O 
*9868°0 


«6868°0 
«6668 '°0 
«£668 °0 
«+t006°0O 
«S006 °0 


«6006 °0 
«€4L06°0O 
*ZL06°0 
«t206°0 
«¥206°0 


«»8Z206'°0 
«2606'°0 
*x9606°0 
xOV06'0 
«?P06'°0O 


«8v06'0 
*2906'°0 
*9S06'0 
«6S06'0 
*£906'0 


#4906 '0 
*+Z06'°0 
«SZ06°0 
*6206'°0 
*€806'0O 


O°8p. 


«6968 °0 


«£2680 
«2268 °0 
«1868 °0 
«’868°0 
«88680 


«2668 0 
«9668 '0 
«0006 °0 
«006 '0 
«80060 


*Z406°0 
*SbLO6°0 
«6406°0 
x€206'0 
*Z¢206°0 


«/€06°0 
*S€06'°0 
«6606 0 
x€ P7060 
«L706 °0 


«0906 '°0 
«?7S06°0 
«859060 
4906 0 
«9906 '0 


*0206°0 
«¥2Z06°0 
*8206°0 
«t806°0 
«S806 °0 


O°9UL 


(4 9230/1) 


xGL68° 


«9268 
«6268 ° 
~€868 ° 
«2868 ° 
«668° 


*S668° 
+6668 ° 
*£006° 
+Z006° 
xO LO6° 


«¥ 106° 
«8b06" 
*2706" 
*9206 
x0806° 


° oOo000 OoCOCOOCOO oe00c00o°o goo0o°o cooo0o0o oO 


x ¥EO6' 
«8C06° 
«bt VO6 
*GvO6° 
«6 706° 


*x€S06° 
#Z906° 
»L906° 
*S906° 
«8906 ° 


«8906 '°0 


«S$Z68°0 


«8268 °0 
«29680 
«9968 °0 
x0668 0 
~¥668°0 


«86680 
«2006 °0 
«G006'0 
«6006 '0 
«&L06°0 


*Z+06°0 
xL206°0 
«S206'0 
«6206 '0 
«2606 °0 


«9€06'0 
*xO0P06 0 
«¥b06'0 
«8v06'0 
«2906 '°0 


«9S06°0 
«6906'0 
«€906°0 
#£906°0 
*+406'°0 


«S206 °0 
*6206°0 
»€9806°0 
«9806 °0 
«0606 °0 


OLY 


«2L£68°0 


x +869 °0 
«S868 °0 
«6869 °0 
+€668 0 
«26680 
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x42d6'O «€006'O «G226°0 «LZ226'0O «6226'0 «1 &Z6°0 
«S026°0 «22026°0 «6226'0 xl€26'0 «£626'0 «S€76'0 
«6006 O «l€C6'O «€EC6'O «GEZ6'O «ZE26'0 «6EZ6°0 
x€EC6°O «GSE26'0 «L€Z6'°0 «6E76'0 «thZ6'0 «€vZ6'0 
+Z€26°0 «6E26'0 «bt26°O «E07Z6'O »«Sv26'0 «Zlvz6'o 
«4?26°O x€P26'°0 «GP726'0 «Lvz6'0 »«6726'0 «tGzZ6'0 
«SV26°0 «2'26'0 «60Z26'0 «LGZ6'O «€SZ26'0 «SSz26°0 
«6926°0 «1S26'°0 «€926'0 «G926'0 +«2926'0 «6¢926'0 
«¥S26'0 «SS26'0 «L£S26'0 «69Z6'0 «19Z6'0 «€926'0 
«8926'°0 «0926'°0 «1926'0 «6926'0 +6926'0 +24926'0 
«209260 «¥926'0 «$926'0 «2926'0 «6926'0 «1226'0 
«99706'°O «8926'°0 «OZ426'0 «bL26°0 »€2L26'0 +S$226'0 
«02206°0 «2226'0 «tL26'0 «GLZ26'0 «LZZ26'0 +«6226'0 
«VL226°0 «9426°0 «8L26'0 «16226'0 «1826'°0 «€826'0 
82£c6°0 O8¢6'°0 2826°'0 +826'0 S826'0 248z6'0 
4d 09 OL AWMIOA DSNILOAYYOO HO4 
o°'ssZ 0°982 O' rs 0°cB2 0'O82 0°82lz 


(4 9350/1) *0000001 « NOISNVdX3 - IWWHAHL 
4d 09 OL NOILOSYYOO AWNTIOA 


»6916° 


#OL46° 
#Lil6° 
xt@l6° 
«SB 16° 
x6BL6° 


*f616° 
xL6L6° 
x bOZ6° 
«GO0C6" 
x60c6' 


*€b26° 
xLl26° 
xb 2c6° 
«GZ%Z6° 
x6266— 


»fE7Z6° 
a Z0S6° 
ab Pcsé° 
«SVc6- 
«6PC6° 


afSC6° 
a ZG26° 
«496° 
«S9C6° 
«6976 


x€L26° 
«xLlé6 
«hb BC6" 
«G8Z6°0 
68c6 0 


ooo ooooco ooooo ooooo oooco ooooo o 


YOLOVA 
O'922 


ANTVA 


xb Zb6° 


«GlLb-6° 
«6Lb6° 
«fBL6° 
xZ8L6° 
x b6L6° 


«S6L6° 
«6616 ° 


«6006 


x L066" 
ab bee” 


«#Gbt76- 
«6126° 
x0ec6- 
#Léce- 
x b&c6' 


«GOc6° 


*6E76 


xoPc6° 
xLvc6- 
xb Go6" 


«SSC6° 
*69¢6° 
x€926° 
*xZ9C6° 
xt lZ6° 


*GLE6° 


«6226 


xEBC6 
* 286° 
L626" 


O' PLL 
dO LINSATIOI443500 


SNOTLVOIIddV¥ WI0ddS GNV IWNGIAIONI HO4d JOA ‘09 J1EVL 


ooooo ooooco oocoococ ooooo ooooo ooooo o 


GaLVIOdVHULXA SALONSO « 


*€L16°0 


*i£16°0 
xbt8t6'°0 
«GS8t6°0 
x6846°0O 
x€6416°0 


*xZ646°0 
x t026'0 
«S026 '0 
x6026 0 
xE4-26°0 


«Z+26°0 
«l2c6'0 
«G2c6 0 
«6¢2¢6 0 
x S66 0 


«Z€26°0 
«b¥c6'0 
«Gvc6 0 
«6726 °0 
«€9¢6°0 


«2ZS26 0 
«t926°0 
«S926 °0 
«6926 °0 
«€L26°0 


xii26°0 
«4826 °0 
«S86 0 
«68¢26'°0 
€626'°0 


O' ¢lZ 


«GlL6° 


x6Z16° 
*x€B 46° 
«286° 
x t6L6° 
«S6L6° 


*6646° 
»€0¢6° 
«Z026° 
abbhoe- 
aGbo6” 


e6426° 
e€2c6- 
*LGc6° 
x bkOc6- 
«SG&Z6° 


«626° 
«€VC6° 
aZvc6- 
a bS6° 
*»SGc6° 


«696° 
«696° 
«29Z6° 
«xbZe6- 
«GLZ6° 


«6226 ° 
«6826 " 
eL£8¢6° 
xt6c6° 
G6c6° 


0°0L2 


0 


oooco ooococo ooooce ooooo ooooo eoco°]o 


0° 


WOonwmo WH OoOwMmowo wWwowo Ww omowo mMwownow 


ownoneo 


SOL 


“pOt 
“POL 
“eo 
“€9t 
“e9t 


a 
= 
Ww 
-e 
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API MPMS¥*11-1 VOL*¥III 80 MM O73ee290 0521058 073 @ 


“062 
“OSL 


“621 
“6Lb 
“BLL 
“B2Lb 
“LLL 


“LLI 
“OLk 
“OLE 
“GZib 
"S2t 


“ell 
“ell 
“Edl 
“edb 
“Gdb 


“Odh 
“LZE 
“b2t 
"OLE 
OLL 


“691 
“691 
“89l 
“SSL 
L9L 


. 


“L914 
“991 
“991 
“SOL 
“GOL 


owowo MWoOowow owmoneo wWwowow owow oe Women o ° 


d 


“dWal 


OL O°OLL 


*0€06° 


«VE06° 
«6E06~ 
«x € 706° 
xZ¥706° 
% +SO06° 


*SS06° 
*6S06° 
*€906°- 
*£906° 
*x+206° 


*9/06° 
*0806° 
«?806° 
*8806' 
«606° 


*9606° 
xO0016° 
«x VOlL6’ 
*x8Ol6’ 
xobl6’ 


wLbl6° 
xbkol6” 
*Scl6° 
*x6216° 
*xSEL6° 


aLE16° 
x bP l6- 
«SPL6- 
x6PL6° 
x ESL6° 


0°06 


° 


eooococo ooooco o00c00o00o o0cooo e00c0ooco ocooocoe 


Zev 


= VHd1V 

«€€06°0 «SE06°0 «8€06'0 «0P06'0 «E¥06'0 »«SP06'0 
*Z€06°0O «6€06°0 «2706°0 «vv06'O «24706'0 «6v06'0 
xb PO06°O «tP06°0 «9F706°0 «6706'0 «1S06'0 «€S06'0 
*S706°0 «87060 «0S06'0 «€S06°0 «SS06'0 »+24906'0 
*6V06'O «2S906°0 «¥S06°0 «4S06'0 +6906'0 +2906 '0 
*€G06'O «9S06'°0 «8S06°0 «1906'0 «€906'0 «9906'0 
*ZG06°O «0906°0 «2906°0 «S906'0 «2906'0 «02406'0 
«0906°0 «#906'0 +«9906°0 «6906'0 «tZ406'0 «t2406'0 
«9906°0O «8906°0 +0406°0 «€206'0 +«G2406'0 »«82406'0 
nOZ06°O «22406°0 «G406°0 «2££06°0 «6L06'0 +2806 °0 
x¥Z06°0 «9406'0 «6406'0 «t806°O0 «€806'°0 »«9806'0 
*8Z06°O0 «0806°0 +€806'°0 «S806'0 ~«4806'0 »«10606'0 
*2806°O «#806'0 «2806°0 «6806'0 «+1606'0 «7606 '0 
*9806°0 «8806'0 «+606°0 »«€606'°0 «9606'0 «8606 '0 
x0606°0 «€606'0 «S$606'°0 «4606°0 «0016'0 «Z016'0 
*7606°0 «4606'0 «6606'0 «lOlL6G'O «¥OlLG'O «9016 °0 
(«8606 0 «1Ol6'O «€016'0 «SOlL6'O «8016'0 «OLLE'O 
*Z0t6°O «SOLG'O «L016'O «6016°0 «Z2t16°O u«bbl6 O 
*Z0t6°O «6GOLG'O wh bt6°O xELIE'O +9tlLG'O «B8bl6'O 
atbb6°O «EbLG'O «Glhi6’O «BLIG'O «O0ZtE6'O «zzl6'O 
*GLbL6°O wZLlL6'O «61L16°O «2216°O «b¥Zl6'O «92160 
x6Lt6°O «b2l6'O «€C16'O «97216'O «B216'O »0E16'0 
x€CL6°O «GScb6'O «2216'0 «O0E1G6'O x«2E16'O «PELE 'O 
*lZb6°O «6Z216'O «2ElL6'O «VElLG'O «S9ELE6'O «BELLE 'O 
«LEL6°O «EEL6'O +«9EL6'O +«BELG'O ».OVLE'O vZvle'o 
*SELG°O «ZEL6'O sOVl6'O «cvl6'O «xvbl6'O «9FlL6'O 
a6EL6°O «2V16'°O «PVl6'O «9¥16°O «8P16'O «OS16'0 
x€VILG'O «9PI6'O «8vl6'O «OGHG'O «2Gh6'0 «9160 
#ZVL6°O «O0GI6°0O «2SI6°O x«PGt6°'O «9SlL6'O «89160 
*0Sb6°O «¥G16'°O «9SL6'°O «8916'0 «0916'0 «2916°0 
#9GL6°O «8S16°0 «0916°0 «2916'0 «¥9l6'0 «2916'0 

4d 09 OL ANMIOA ONILOAYYHOO HOd 

0°B882 0°9824 O°’ rel O° 282 0°O082 o°s2dd 


(4 930/+t) ‘0000001 »« NOISNWdX3S IVWHSHL 
4d 09 OL NOTLOAYYHOD SAWN TOA 


«8bv06¢ 


«ZS06° 
«9S506° 
*0906° 
«7906 
«B906° 


*¢206° 
«9Z06° 
«0806 
«¥806° 
«8806 ° 


x2606° 
+9606" 
xOOL6" 
«POl6” 
«B016° 


xobh6’ 
xQObL6” 
xOCL6° 
x¥cl6' 
«x8cl6" 


xCelé6” 
#LeEte- 
sb Vlé6° 
sGvlé6° 
x67L6° 


x S146" 
w2GL6' 
al Ql6’ 
aSOL6" 


#6916" 


YOLOVA 
O°9LEL 


oooce ooooo ooocoo ooceoo oooco°o oooo°o ° 


AINTWA 


«0G06° 


«¥SO6" 
«8S06° 
«2906 ° 
«9906 ° 
«0206° 


«bL06° 
«6106 ° 
«6806 ° 
«£806 ° 
x L606° 


«S606 ° 
«6606 ° 
xCOL6' 
xZ016° 
wx bbb6¢ 


xGtb6 


x6446° 
xOCt6- 


uLobke6 


x LEL6* 


«GEL6° 
«BELG 
«SVb6° 
#20160 
abGl6- 


«GSL6- 
«6S1L6° 
«E916 
«LZ91L6° 
abLbe- 


Ord 
dO INATOISs4300 


SNOILVOIIdd¥ IWIOAdS GNV TIWNCIAIONI WOS SOA ‘99 ATAaVL 


ooocoo Oo 


ooooo ooo°coo ooooo oooco ooococo 


GalVIOdVHLX3S SALONA « 


«€S06— 


«2S06° 
«x b906° 
«G906° 
«6906 ° 
x €L06° 


«2206 


« L806" 
«S806 ° 
«6806 ° 
«€606° 


«2606° 
«bOL6” 
aGOL6' 
«6016° 
«Ob b6° 


aZbb6° 
a bole” 
*Gol6- 


xB6246 


xfOL6° 


«LElé- 
al PVlLé- 
«GPb6’ 
x6b1L6° 
xEGLE° 


xLGl6- 
x bOLG6- 
xSOL6° 
«6916° 
xEL16° 


O'cld 


0 


ooo°o9d oooo0o ooooco ooooo ooococo oooco 


*SSQ06° 


«6S906° 
x €906° 
+2906" 
xtZ06° 
«GZ06° 


*6L06° 
«6806 
x 2806" 
«t606° 
« S606" 


x6606° 
xfOL6™ 


«Z0L6 


ebb bé° 
aGbhlé" 


x6L46 


xETLE" 
xLZobl6- 
x LEG’ 
«GO1L6° 


x6E16" 
nEPLG6’ 
n Lvl’ 
wbGL6’ 
«SSL6 


«6G416— 
*«€9 46° 
*Z9l6° 
we bLbe° 
xSll6° 


O'O22 


0 


oooc$d ooo0oo oooco ooo0oo ooooo ooooo 


0 


O° OSL 


S641 
"6LE 
“BLI 
"Olt 
"LLI 


“LLb 
“OLL 
"OLE 
“GLI 
"SLL 


“ell 
“pdt 
“Edl 
“edt 
“SLb 


“oLh 
“ELb 
“Edb 
“OLE 
“OLE 


“691 
“691 
“OO 
“SOL 
“L914 


“LOL 
“99 
“OO 
“SOL 
“SOL 


OoOwone mow ow owowoe mwownow owmowo mWwowo 
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API MPMS*1L1-1 VOL*III 80 MM 0732290 0521059 TOT 


0°062 OL O'OL4 = VHd1V 


O°S6L 


S'P6L 
O° vel 
S°eé6L 
O°e6t 
G°2éb 


0°c6h 
S°L6L 
O° EL 
$*O06L 
0° O06t 


S°68l 
0°68 
$' Sel 
O'Sst 
g°Zéet 


0°28t 
s‘°98l 
0°99t 
S'S8h 
0°'Set 


S' Yel 
O° rel 
Sel 
0°eSt 
G°2et 


0°2eh 
S° EOL 
O° LeL 
S°OSl 
0°08 


J 


“dW3l 


x2£068°0 


«+b l68°0 
«GlL68°0 
+6168 °0 
x€268 0 
*8c68'°0O 


«0868 0 
x9€68 °0 
207680 
«¥b68°0 
«8768 '0 


+2968 0 
#9568 °0 
»0968 0 
49968 '0 
«6968 '0 


4€2468 0 
«2268 °0 
«+868°0 
#S868 0 
«6868 0 


#€668 0 
+8668 0 
#2006 0 
*9006'°0 
#0406 °0 


«¥1t06°0 
»8106°0 
*2¢06 0 
«9206 °0 
#0€06~0 


0°062 


+0468 °0 


«¥L68°0 
«8-68 °0 
+2268 0 
«9268 0 
»0€68'0 


*PC68 0 
+6668 °0 
x€¢68'0 
«£068 '°0 
«LS68'°0 


*SS68'0 
+6968 '0 
«6968 '0 
+£9686°0 
*tZ68'0 


«S268 '0 
+0868 '0 
«¥868'0 
«8868 0 
«26680 


«9669 '0 
#00060 
«v006'°0 
«80060 
«2406 °0 


«9406°0 
»+b206°0 
«SZ06 0 
«6206 0 
»€606 0 


0° 882 


«8168 °0 


x2768 0 
«9268 °0 
«0€68°0 
«S€68°0 
«668 °0 


x€?68°0 
xZv68°0 
«+968°0 
«9968 °0 
«6968'0 


«6966 °0 
«2968'°0 
«+ Z6B8'°0 
«Sl6B8°0 
«6268°0 


«6868 0 
»2868°0 
«2668 0 
«9668 0 
*0006'0 


*¥006°0 
*8006°0 
«Zb06°0 
#9106°0 
«0206 0 


«¥206'°0 
«8206'0 
«26060 
«9£06'0 
*0706'°0 


str 


«1¢68° 


«G26 
«6268 ° 
«f€68° 
x Z668°0 
«bv68°0 


ooo oOo 


«SPv68'°0 
*0S68°0 
x ¥S68'°0O 
«8S68'°0 
+2968 '0 


«99680 
«0268 °0 
«?L68°0 
«82468 0 
«2868 0 


*9868 0 
«06680 
*V668'0 
«8668 0 
*Z006 0 


*9006°0 
*0406°0 
#¥b06'0 
*61406'°0 
*€206'0 


«2206 °0 
*4t€06'°0 
«S€06'0 
«6006 °0 
*£v06'0 


«0268 °0 


«8c68°0 
«S680 
«9068 '°0 
«07680 
«?¥68°0 


«87680 
«2968 °0 
«9968 °0 
«0968 °0 
«¥968'°0 


«8968'°0 
»€268°0 
x1£68°0 
«+868 °0 
«S868 °0O 


*6868 0 
x €668'0 
«2668 '0 
«+006°0 
«9006 °0 


*6006'0 
*€406°0 
xZb06°0O 
«+206'°0 
«9206 °0 


«6206 °0 
«€€06°0 
*Z€06°0 
«b¥06°0 
«S06 '°0 


«2268 0 


«x b€68° 0 
«S680 
«6680 
«E768 0 
«268 '0 


«+S68'°0 
*9S68°0 
»6S68 0 
#6968 0 
x2968°0 


«L268 °0 
«G68 °0 
«6268 °0 
«£868 '0 
«2868 °0 


«+668 °0 
«S668 '0 
«6668 0 
*€006 0 
«8006 '°0 


«2106 °0 
«9106 °0 
«02060 
*¥206°0 
«8206 0 


«2606 °0 
#9606 °0 
»0¢06 0 
«vv06 0 
«86060 


4d 09 OL 3WNIOA ONILOSYHOO HOS YOLOVA 


x€4L68'O «94168'0 
xZ168°0O »+0¢68°0 
x+268'O «¥Z68'0 
*$Z68'0 »«8268'0 
x6268'0 «2668 '0 
x€668'0 «9668'0 
~»Z€68'0 «0¥68'0 
«b¥68°0 «tv68°0 
*9¥68'°0 «8768'0 
x6768'0 «72968 '0 
x¥S68'0 »9968'0 
«8968'0 +«0968'0 
429680 »~968'0 
«9968°0 »«6968'0 
»0Z68'0 «6268'0 
»¥Z68'0 «£468°0 
*8@Z68'°0 «+969 °0 
«2868'0 «9868'0 
«9868'0 «6869 '°0 
x0668'°0 «€668°0 
»v668'0 «2668 '0 
»6668'0 «1006'0 
*€006'°0 »«9006°0 
*2006'0 «6006'0 
a+tb06'0 «€406°0 
aGb06°0 «Z2406'0 
*6406'0 «2206'0 
*€206'0 «9206 '0 
«£206°0 »0€06'0 
xb€06'0 «v606'0 
*§606'0 «8606 '0 
O'98L O' Ves 
(4 9530/1) 


O'esd 


0°0824 


O°esd 


“QO00001 » NOISNVdxX3 WWWHSHL 
4d 09 OL NOTLOAYYHOO AWMIOA 


O'922 


SNIVA GaLVIOdVeLXa SALONA « 


«O0£68 0 


«bvE6B 0 
«8668 '°0 
+0768 '0 
«9768 '0 
«0S68°0 


«¥S68'0O 
«8568 0 
»2968 0 
«9968 °0 
«0168 °0 


»vi68 0 
«8268 °0 
«2868 0 
«9868 '0 
+0668 0 


«6680 
«8668 '0 
*2006 0 
«90060 
«0406 °0O 


«¥l06°0 
«8106 0 
«2206 0 
»9Z206 0 
«0806 0 


»VE06 0 
«8606 °0 
»2906 0 
«9006 0 
*03906 °0 


O' red 


dO LNSIOISS3I09 


SNOILVOIIdd¥ WIOSdS GNV TWNGIAIONI ¥Od SOA ‘09 318VL 


«G&68 0 


«9E68 0 
x0768'0 
«P68 0 
«8968 0 
«2968 0 


«9S68'0 
«0968 °0 
x *968 0 
«6968 °0 
x€268'°0 


«£Z68°0 
« $868 °0 
«9868 0 
«6868 0 
«€668 0 


«2668 °0 
«b006°0 
«S006 °0 
«60060 
*€L06°O 


»ZL06°0 
«+¢206°0 
«92060 
»6206'°0 
*€606 0 


x Z€06°0 
«b+ P06 °O 
*9706°0 
«6006 0 
»€S06°0 


OQ'eLd 


«S€68 0 


x 6668 0 
«€968°0 
«Zv68°0 
«4968°0 
«SS68'0 


«6968 '°0 
«89680 
*2968°0 
«+Z66°0O 
*9268'°0 


«6268 '0 
«£868 °0 
«£868 °0 
«+668°0 
«S668°0 


«66680 
*£€006'0 
«4006'°0 
«+ b06°O 
«Gl06°0 


«61L06'°0 
«€206°0 
«2206 °0 
»4€06°0 
«S06 °0 


«6806 '0 
»€706°0 
«2906°0 
«+S06°0 
«GS06°0 


O°O4LL 


0°S6L 


SG’ v6L 
0° r6L 
S°e6t 
O°E6t 
G°c6l 


0°26l 
S'L6L 
O° LGL 
s’O061 
0°06! 


S’68lL 
0° 68L 
S’'S8et 
O'Sest 
S'2el 


O'28t 
S98 
0'98t 
SSS 
0°S8lL 


Spat 
O'r7st 
S’est 
O'est 
S°cel 


0'2st 
S’ Leh 
O'LSet 
$'0s6t 
0'OSl 


d 


“dWal 
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API MPMS*11.1 VOL*III €80 @@ O732290 0521060 72) 


0°062 O1 O'OL2 


0'00¢ 


S$’ 661 
O' 661 
S861 
0' 86} 
S°L64 


0° 264 
S961 
0°96} 
S'S6lL 
0O'S6I 


d 
“dWSL 


#9988" 


«0268° 
«PLES ° 
«8288 ° 
«2888 
«9888° 


«b686° 
«S686 
+6688" 
«£068 ° 
«L068 


0°0624 


0 


0 
0 


oooo0o 000 


6eV 


= VWHd1V 


«6988 0 


«€288°0 
«£288 '0 
«898 °0 
«9888 '0 
«6888 '0O 


«£688 °0 
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SECTION 1—VOLUME CORRECTION FACTORS IN-7 


11.1.6.7.1 Appendix to TABLE 6C 

11.1.6.7.1.1 Equations and Constants for TABLES 
5 and 6 

Three equations form the basis for the values presented 

in TABLES 5 and 6. 


Vr_ Pp 
VeF = = £ 1 
vp (1) 


= EXP [—ayAt(1.0 + 0.8 a7Ad)} 


Kg + Kip 
an 2) 
Pr 


ar= A+ Bip7? (3) 

t= any temperature, °F 

T = base temperature, 60°F 
p7 = density at base temperature, kg/m? 
a7 = coefficient of thermal expansion at base 
temperature, per °F (Equation 3 represents 
the segment between the jet group and the 
gasoline group.) 

—0.00186840 

= 1 489.0670 
range: 48 to 52°API 


The input to TABLE 5 is corrected to account for the 
thermal expansion of a glass hydrometer. This correc- 
tion is included in the hardcopy printed tables. An over- 
ride switch is available in the subroutine to allow for use 
with densitometers for which such a correction is not 
required. These items are defined in 11.1.5.1 and 
11.1.5.2 in Volume X. The specific application of Equa- 
tions 1, 2, and 3 depends on whether or not the sub- 
stance of interest is a crude oil or a product. Further, 
the use of the equations for a product depends on the 
API gravity range of the fluid at base conditions (that is, 
60°F or 15°C). 


Crude Oils 


Equation 3 is not used in the crude oil tables or sub- 
routines. The constants for Equation 2 are: 


Kg ‘= 341.0957 (kg/m*)*?F 
= 0.0 


ar 


A 


1 . 
range: 0 to 100°API 
Products 


. The constants for Equation 2 depend upon the type 
of product. This is determined by the API gravity range 
at 60°F 


Product Type Constants Gravity Range, °API 
Fuel oil Ky = 103.8720 0 to 37 
K,; = 0.2701 
Jet group Ko = 330.3010 37.1 to 47.9 
K, = 0.0 
Gasolines Ky = 192.4571 $2.1 to 85 
K, = 0.2438 
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Equation 3 represents the segment between the jet 
group and the gasoline group. 


A —0.00186840 
B 1489.0670 
range: 48 to 52°API 


The logic required to use these equations to the pre- 
cision of the Standard is discussed in the implementa- 
tion procedure for the specific subroutine for the table 
of interest (see Volume X). 


11.1.6.7.1.2 Densities and Coefficients of Thermal 
Expansion for Each Individual NBS 
Sample 


The tables following this discussion present the re- 
sults of the individual fits of each sample of the NBS 
data to the equations representing the final Standard. 
Five tables are given; one for each major classification 
of fluid. 


Each table gives the sample number, name, and num- 
ber of points which correspond to the identifiers on the 
raw data received by the Physical Properties Working 
Group from the NBS. The base density and thermal 
expansion coefficient (alpha) given for each sample are 
results obtained from the optimization of each indi- 
vidual fluid sample. The percent standard deviation 
represents the fit of the entire sample while the maxi- 
mum error is the largest percent deviation of any single 
point in a sample. 

The working group used all of the data supplied in 
final form by the NBS. However, the preliminary data 
on a number of the samples showed physically impos- 
sible behavior such as density increasing with tempera- 
ture. These instances were reported to the NBS which 
either withdrew the sample or reran it and provided 
acceptable data. 

The lubricating oils formed a statistically significant 
population. However, there were an insufficient num- 
ber of data points covering too narrow a density range 
to develop a separate table. The user of these tables 
who is interested in lubricating oils has three options: 


1. Measure ten or more points of data on the specific 
lubrication oil of interest, develop alpha from these 
measurements, and use TABLE 6C. 


2. Based on density range, select an alpha from these 
tables for a fluid studied by the NBS and use TABLE 
6C. 


3. Use the Generalized Product TABLE 6B. 


The temperature dependence of alpha is the same for 
both the fuel oil and lube groups. 
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t-8 CHAPTER 11—PuysicaL Properties DATA 


Crude Oils—60 Deg Density and Alpha for Each Individual Sample 


Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m?) at 60°F? Deviation Percent Error 
21 Umm Shaif 4 59.- 76. 835.6562 463.629 0.0122 ~0.0178 
27 ~=—- Deep Yates 6 41. - 114. 873.8679 440.294 0.0215 — 0.0389 
28 = =©Slocum 12 41. - 136. 949.1750 369.333 0.0746 0.2037 
29 ‘West Texas Mixed 4 79. — 95. 854.0283 476.528 0.0029 0.0037 
30 ~—_ Light Export Blend 7 65. - 110. 857.4568 475.052 0.0300 0.0437 
31 Heavy Export Blend 4 65. - 110. 872.1948 451.544 0.0159 —0.0212 
34 Qua Iboe 5 69. - 103. 839.2109 476.442 0.0039 0.0051 
65 = Arab Light 4 58. - 85. 858.1453 433.834 0.0369 0.0443 
67 Medium Export Grade 5 65. - 110. 874.4727 458.018 0.0190 0.0270 
68 Berri Light Export 5 57. - 106. 835.8196 476.959 0.0643 0.1022 
69 East Texas 3 65. - 97. 824.7483 527.781 0.0062 0.0071 
71 Arlan 7 57. - 97. 898.4517 428.550 0.0073 —0,0099 
72 Sbkapova 6 40. - 133. 873.9578 455.478 0.0655 0.0832 
7S Samatlorskoye 3 69. - 96. 857.4866 460.781 0.0119 —0.0133 
76 Kern River 13 59. - 107. 973.3174 361.954 0.0041 -0.0079 
79 Deep Yates 5 54. - 128. 878.3403 432.248 0.0167 0.0206 
80 = Shallow Yates 5 69. - 134. 920.1799 403.717 0.0027 0.0036 
83 Yates Tuborg 9 44. - 106. 970.4497 361.485 0.0041 0.0080 
84 West Texas 4 50. - 96. 876.8494 442.169 0.0112 —0.0153 
85 West Texas 5 50. - 77. 876.8259 419.338 0.0510 0.0744 
86 Jay Mixed 7 59. - 90. 770.3992 585.100 0.0410 0.0591 
120 — Prentice 3 68. - 81. 874.0317 442.852 0.0019 —0,0021 
121 Deep Yates 6 40.- 81. 876.8779 441.799 0.0128 —0.0185 
129 = Midland Farms 6 40. - 77. 782.6462 561.992 0.0174 — 0.0263 
131 Midland Farms 4 59. - 81. 816.9514 507.342 0.0141 —0.0183 
138 Foster Field 7 60. - 112. 815.7173 515.137 0.0530 0.0695 
139 Midland Farms Elnbrg. 7 60. - 112. 782.2588 522.298 0.0197 0.0368 
140 Midland Farms Devon. 4 60. - 8. 816.5881 502.051 0.0256 0.0341 
141 — Levelland 3 69. - 8&4. 860.7119 550.456 0.0207 0.0239 
145 Deep Yates #1 4 50. - 76. 876.3838 452.215 0.0055 0.0052 
147 = Cogdill Field 5 69. - 112. 822.9702 485.955 0.0165 —0.0225 
149 Shallow Yates 8 60. - 122. 922.7305 403.968 0.0133 0.0194 
182 Andector Ellenburg 6 60. - 112. 804.4863 496.139 0.0143 0.0189 
153 Goldsmith 4 60. - 85. 843.7415 479.705 0.0171 —0.0241 
154 Cowden North 7 69. - 122. 855.2607 463.692 0.0083 0.0128 
187 —- Fullerton $s 60. - 94. 809.0750 500.989 0.0200 —0.0300 
158 Pennington Field 6 49. - 95. 848.4775 472.585 0.0046 —0.0056 
160 = Zarzaitine 3 68. - 87. 814.9663 502.498 0.0064 —0.0073 
163 = Attaka 5 49. - 87. 812.4797 536.208 0.0072 —0.0113 
168 Murban 4 68. - 95. 824.0291 494.816 0.0013 —0.0016 
172 = Qatar Marine 8 59. - 93. 844.2861 478.610 0.0119 0.0164 
174 Abu Dhabi 12 58. - 102. 826.0774 495.203 0.0168 0.0405 
178 Heavy Export Blend 4 49. - 77. 867.6367 467.900 0.0195 —0.0243 
180 ~— Light Export Blend 4 59. - 87. 844.3647 478.589 0.0038 ~—0.0050 
182 Oman 5 49.- 77. 855.0320 460.632 0.0023 —0.0028 
184 = Forcados 4 68. - 95. 872.4541 449.272 0.0013 —0.0019 
186 Nigerian Medium 4 59. - 77. 902.5081 422.275 0.0044 0.0057 
i88 | Kuwait Export Biend 3 59. ~ 77. 868.3643 448.100 0.0006 —0.0007 
1909 Auk 4 85. - 110. 840.2544 450.282 0.0877 —0.1156 
192 Es-—Sider 5 68. - 93. 840.3562 476.409 0.0164 —0.0225 
194 Qatar Marine 8 58. - 9%. 841.0327 489.895 0.0288 —0.0463 
365 Leduc Reef 3 76. - 9. 798.4756 524.992 0.0072 —0.0083 
403 = Escravos 3 68. - 114. 843.0283 484.352 0.0092 0.0100 
405 — El Alamein 4 68. - 122 840.8818 478.616 0.0059 0.0077 
406 Ras Shukheir 3 68. - 122. 873.7947 455.541 0.0091 0.0098 


“Alpha in reciprocal degrees F multiplied by 1 000 000. - 
Notes: density data points covering at least a 50°F temperature range and 
1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 


individual data sample. The results obtained from fits on individual ; 
data samples are not recommended unless there is a minimum of 10 2. 124 sample, 690 data points. 
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Crude Oils—60 Deg Density and Alpha for Each Individual Sample 


(continued) 

Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m?) at 60°F* Deviation Percent Error 
422. Arab Medium 3 68. — 105. 873.1348 459.470 0.0018 0.0020 
423. — Arab Light 7 59. - 123. 857.3352 464.149 0.0046 0.0067 
424 Arab Extra Light 3 $9. - 123. 839.8494 477.002 0.0066 —0.0090 
438 Awali 6 50. - 95. 866.6626 461.605 0.0119 0.0157 
439 Sahara Blend 5 50.~ 87. 804.0664 528.845 0.0046 -0.0059 
456 —S..E. Sask. Light 3 68. - 94. 841.1042 465.186 0.0050 0.0057 
457 = Kuwait Export Blend 4 50. - 78. 867.9058 474,707 0.0147 ~0.0210 
461 Dollard 5 61. - 83. 918.2859 435.160 0.0162 —0.0205 
483 Qatar Land Blend 3 59.- 76. 820.4590 §23.157 0.0022 0.0026 
495 Awali 12 50. - 104. 865.2119 471.544 0.0142 0.0203 
496  Halul Island Blend 3 59.- 76. 842.5232 481.781 0.0108 0.0125 
500. Ghareb 5 59. - 86. 919.1538 454.763 0.0151 —0.0243 
508 ‘Extra Light Export Blend 10 59. - 112. 834.5354 466.331 0.0159 —0.0288 
$10 Light Export Blend 8 59. — 103. 857.3892 453.997 0.0178 0.0323 
511 Medium Export Blend 8 59. ~ 95. 871.3943 435.360 0.0226 —0.0364 
536 Gatar Marine 6 40. - 86. 841.1399 516.270 0.0291 0.0360 
537. —s- Cardium 6 40.- 86. 832.3069 561.174 0.0370 0.0529 
538  Pemina Field 6 40.- 86. 835.4336 550.641 0.0512 0.0695 
544s Forties 6 40.- 86. 842.1521 529.906 0.0355 0.0498 
548 Trinidad Export Blend 5 67. - 95. 850.8181 468.709 0.0029 —0.0044 
549 Zakum 4 67. - 78. 825.6421 520.041 0.0396 0.0377 
550s Zarzaitine 4 67.- 95. 812.9695 507.292 0.0134 0.0161 
551 Lioydminister 6 59. ~ 95. 927.9421 404.223 0.0114 0.0159 
554 Poza Rica 5 59. - 86. 881.5017 451.525 0.0110 ~0.0177 
555 _— Pajaritos 6 67. ~— 112. 833.1399 477.256 0.0119 —0.0188 
556 = Talara 3 61. - 104. 837.0020 480.716 0.0021 —0.0024 
557 Estacion Bobmas 6 61.- %. 851.6245 476.236 0.0291 0.0348 
558 Ono 9 54. - 105. 865.1184 439.373 0.0289 0.0472 
559. Crudo Belco 6 61. - 104. 856.8171 464.683 0.0080 0.0111 
560 No. LD. 7 61.- 96. 904.9167 409.383 0.0154 0.0258 
561 Matzen, B 5 61. - 86. 931.8789 394.185 0.0043 —0.0056 
562 Matzen, B 9 54, - 112. 908.7727 410.899 0.0164 0.0267 
564  Cabinda Lowpour 4 70. - 78. 893.0525 401.330 0.0153 0.0189 
$72. Medanito 3 71, - 86. 867.3535 491.138 0.0215 0.0248 
574 Gregorio 9 61. - 107. 801.4128 514.021 0.0188 —0.0340 
375 Clarencia 8 61. -— 107. 803.6306 302.965 0.0178 0.0302 
576 Heavy Export Blend 5 61. - 95. 865.9709 431.310 0.0592 —0.0779 
577 _—_— Light Export Blend 3 61. -° 78. 855.3975 461.008 0.0256 —0.0294 
579 La Pena 4 61. - 86. 814.5913 485.192 0.0043 —0.0057 
580 Monteagudo 4 61. - 86. 793.6838 524.660 0.0051 —0.0061 
581 _—‘ Baltic Romash. 4 74. - 112. 875.7507 445.020 0.0014 0.0020 
582. Black Sea Romash. 6 67. = 112. 858.8811 450.452 0.0163 0.0224 
583 = Zarzaitine 3 69. - 87. 809.9922 435.114 0.0042 —0.0048 
386 = San Joaquin § 53. - 86. 896.9885 417.812 0.0067 0.0110 
587 Huntington Beach 4 62. - 78. 930.4045 402.291 0.0125 —0.0150 
588 No. ID. 3 69. ~ 87. 886.1626 437.981 0.0129 0.0149 
596 = Sun Leovy, et al. 8 34. - 107. 951.2656 374.658 0.0030 0.0049 
591 Sour Lake 10 54. - 106. 953.5164 374.490 0.0018 —0.0039 
592. Saratoga 10 61. - 112. 952.4934 379,449 0.0057 ~0.0121 
593 Sour Lake 8 62. - 112. 949.9182 375.043 0.0102 —0.0178 
594 Midway Sunset CA 3 80.- 93. 982.6348 359.734 0.0018 —0.0021 
595  Poso Creek 6 61, - 103. 975.6282 354.160 0.0079 0.0102 
596 Fruitvale 6 61. - 103. 943.9443 385.405 0.0064 —0.0082 
597 San Ardo 6 61. - 105. 976.1484 365.076 0.0042 0.0051 
S598 Santa Maria Valley 5 7. - 93. © 985.7908 367.026 0.0308 —0.0441 


*Alpha in reciprocal degrees F multiplied by 1 000 000. 
density data points covering at least a 50°F temperature range and 


Notes: 

1, Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 
individual data sample. The results obtained from fits on individual ‘ 

data samples are not recommended unless there is a minimum of 10 2. 124 sample, 690 data points. 
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1-10 CHAPTER 11—PHysica. Properties Data 


Crude Oiis—60 Deg Density and Alpha for Each Individual Sample 


(continued) 

Sample Temperature Density at 60°F Alpha Percent Standard Maximum 

Number Name NP Range (°F) (kg/m?) at 60°F* Deviation Percent Error 
599 = Edison 4 61. - 105. 948.7986 380.622 0.0034 —0.0039 
600 Coalinga 8 61. - 112. 970.8679 369.599 0.0187 0.0301 
603 Mount Poso 7 61. — 112. 959.8904 369.227 0.0027 0.0044 
604 Cymric 7 61. - 112. 984.8262 . 360.039 0.0044 0.0053 
605 Kern River Heavy 4 78. - 103. 990.4246 352.864 0.0039 0.0048 
606 Cat Canyon 9 61. - 113. 972.7229 375.163 0.0068 —0.0113 
607 Kern Front 6 78. - 113. 975.0327 356.011 0.0039 —0.0057 
608 Kern River 7 73. - 113. 976.0872 359.712 0.0015 0.0027 
610 Tia Juana 102 6 67. - 112. 905.1736 414.208 0.0048 —0.0077 
612 = Tia Juana 102 6 67. - 102. 905.1411 418.090 0.0085 0.0099 
613 Bachaquero 5 68. - 112. 980.2991 358.272 0.0063 —0.0105 
614 Bachaquero 4 68. - 112. 980.2927 358.261 0.0017 —0.0022 
617 = Merey 3 68. - 112. 949.4568 390.156 0.0058 0.0102 
618 Merey 5 68. - 112. 949.5916 389.440 0.0042 —0.0054 

*Alpha in reciprocal degrees F multiplied by 1 000 000. 

Notes: density data points covering at least a 50°F temperature range and 

1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 

individual data sample. The results obtained from fits on individual 

data samples are not recommended unless there is a minimum of 10 2. 124 sample, 690 data points. 


Gasolines and Naphthenes—60 Deg Density and Alpha for Each Individual Sampie 


Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m*) at 60°F* Deviation Percent Error 

10 FCC Gasoline 3 54. - 90. 683.6716 807.075 0.0016 —0.0018 
22 Cat. Cracked Gaso 5 41.- 86. 690.8076 791.173 0.0125 —0.0150 
24 Premium Gas 4 54.- 90. 771.2275 675.759 0.0361 — 0.0537 
26 = St. Run Gasoline 5 40.- 72. 657.6523 850.583 0.0193 0.0282 
31 Regular Gasoline 3 50.- 78. 736.5852 701.073 0.0331 0.0383 
52 Low-Lead Gas 7 40. - 77. 740.6658 688.064 0.0159 0.0300 
53. Premium Gasoline 6 50.- 90. 746.1934 686.479 0.0417 0.0501 
54 No Lead Gasoline 10 40. - 87. 746.0542 675.640 0.0187 —0.0449 
300 Regular Gasoline 3 69. - 85. 727.9309 668.667 0.0039 0.0044 
305 ~—- Regular Gasoline 8 43. -— 104. 737.3618 671.938 0.0080 0.0131 
308 Regular Gasoline 7 $2. - 111. 739.7634 680.343 0.0144 0.0228 
311 Unleaded Regular Gas 5 $2. - 103. 743.8010 662.254 0.0216 0.0235 
313 Premium Gasoline 6 41.- 77. 736.7202 698.266 0.0117 0.0162 
315 Catalytic Gasoline 4 41. - 67. 734.2156 708.324 0.0039 —0.0045 
317 Motor Gasoline Reg 4 41.- 67. 742.6831 696.248 0.0034 ~—0.0044 
320 Premium Mogas 6 $2. — 114. 746.4539 663.887 0.0062 —0.0103 
326 Regular Gasoline 7 39. = 95. 739.2729 684.039 0.0173 0.0267 
329 Premium Gasoline 7 39. - 163. 730.2139 684.629 0.0133 0.0204 
331 Naphtha 7 41. + 95. 698.9792 739.367 0.0113 —0.0167 
333. Unleaded Gasoline 7 41. - 95. 714.6775 704.094 0.0148 —0.0184 
335 Gasoline 7 41.- 95. 736.6206 674.727 0.0107 0.0155 
338 Unleaded Gasoline 6 40. - 85. 755.9033 682.968 0.0062 -0.0097 
341 Regular Gasoline 5 40. - 77. 736.5120 694.871 0.0045 0.0049 
345 Unleaded Gasoline 7 40. - 8 746.5820 678.416 0.0130 0.0241 


*Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: . density data points covering at least a 50°F temperature range and 


1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 
individual data sample. The results obtained from fits on individual . 
data samples are not recommended unless there is a minimum of 10 2. 76 samples, 436 data points. 
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Gasolines and Naphthenes—60 Deg Density and Alpha for Each Individual Sample 


Name 


347 Unleaded Gasoline 
351 Unleaded Gasoline 
353 Premium Gasoline 
355 Regular Gasoline 
358 Regular Gasoline 
359 No Lead Gasoline 
366 Unleaded Gasoline 
370 ~=—s- Unleaded Gasoline 
373 Unleaded Gasoline 
376 Premium Gasoline 
377, ~—- Regular Gasoline 
380 Unleaded Gasoline 
382 Gasoline 

385 Regular Gasoline 
391 Automobile Gasoline 
398  Regularmogas 

408 Regular gasoline 
412 Premium Gasoline 
415 Premium Gasoline 
418 Premium Gasoline 
429 Premium Gasoline 
430 Unleaded Gasoline 
434 Regular Gasoline 
437 Unleaded Gasoline 
441 Regular Gasoline 
445 Regular Gasoline 
449 Unleaded Gasoline 
452 Premium Gasoline 
453. Regular Gasoline 
454 No Lead Gasoline 
460 Clear Gasoline 
463 Catalytic Gas 

466 Unleaded Gasoline 
468 Unleaded Gasoline 
471 Reg Gasoline 

476 Premium Gasoline 
477 ~—=Regular Gasoline 


479 Regular Gasoline 
482 Unleaded Gasoline 
487 Gasoline 


490 Regular Gasoline 
491 Premium Gasoline 
492 Gasoline 

513 Motor Gasoline 
518 Regular Gasoline 
522 Clear Gasoline 
523 Clear Gas 

§27 Unleaded Gas 

532. = Motor Spirit 

541 Motor Gasoline 
$42 Premium Gasoline 
343 Premium Gasoline 


DADRWEHAUMMN SWARM A AWA DH OSI OD AID 51 60 08 W210 AF COA NOOO AAA cs 


SECTION 1—VOLUME CORRECTION FACTORS 


(continued) 
Temperature Density at 60°F 
Range (°F) (ke/m*) 
40.- 86. 753.1575 
40. - &6. 759.6685 
40.- 86. 717.9895 
40. - 86. 737.5386 
43. — 105. 717.0518 
43. - 105. 737.2388 
43.- 95. 742.5498 
43. - 105. 744.5198 
43. - 105. 754.5806 
43. - 105. 732.0876 
43. - 104. 728.5959 
43. - 95. 751.9854 
43. - 104. 760.9646 
43. - 104. 736.1465 
43.- 95, 738.0696 
40.- 86. 734.0000 
42. -— 95. 734.0615 
42. - 85. 743.7039 
40. - 95. 733.5828 
49. - 95. 755.7083 
50. - 105. 733.6731 
50. ~ 105. 731.5818 
50. - 87. 703.5068 
50. - 87. 726.6045 
50.~ 86. 724.8259 
50. - 68. 732.4678 
50. - 68. 743.8577 
50.- 86. 738.8235 
41. - 77. 735.9702 
41. - 77. 729.5144 
41. - 77. 740.6047 
41. - 77. 738.1841 
40. = 77. 747 5625 
40. - 77. 732.3083 
40. - 77. 740.1760 
40.~ 86. 725.3652 
40. - 86. 736.6257 
40.- 8&6. 743.2593 
40.- 69, 743.2708 
41. - 87. 741.4248 
41.- 77. 710.6511 
50. — 77. 723.1777 
41. - 77. 718.0754 
41. - 77. 732.8252 
41. ~- 77. 734.8123 
41. - 77. 751.9270 
39. - 86. 750.9285 
39. - 68. 713.1448 
68. - 95. 753.3936 
39. - 86. 733.4534 
39.- 86. 707.9893 
39. - 86. 714.8098 


Alpha 


at 60°F* 


669.743 
675.652 
692.285 
681.020 
700.755 
656.971 
680.660 
668.889 
655.729 
665.455 
683.940 
666.200 
652.840 
684.794 
695.090 
686.107 
681.748 
701.983 
707.325 
672.356 
668.372 
669.269 
737.410 
700.020 
710.761 
719.888 
707.855 
679.450 
697.962 
704.259 
699.012 
683.317 
682.655 
709.682 
696.075 
680.674 
685.766 
671.509 
689.875 
702.997 
744.913 
708.858 
728.682 
715.196 
705.894 
672.904 
692.240 
730.350 
680.546 
694.750 
724.580 
724.907 


Percent Standard 
Deviation 
0.0100 
0.0087 
0.0103 
0.0132 
0.0050 
0.0040 
0.0030 
0.0069 
0.0176 
0.0058 
0.0055 
0.0085 
0.0087 
0.0075 
0.0130 
0.0050 
0.0133 
0.0040 
0.0138 
0.0080 
0.0093 
0.0046 
0.0070 
0.0184 
0.0064 
0.0200 
0.0065 
0.0072 
0.0178 
0.0104 
0.0062 
0.0042 
0.0114 
0.0131 
0.0113 
0.0074 
0.0148 
0.0104 
0.0023 
0.0038 
0.0062 
0.0075 
0.0096 
0.0087 
0.0143 
0.0185 
0.0041 
0.0193 
0.0065 
0.0070 
0.0116 
0.0095 


I-14 


Maximum 
Pereent Error 

0.0130 
—0.0105 
0.0133 
0.0197 
0.0087 
~0.0101 
0.0036 
~0.0102 
0.0316 
—0.0088 
~0.0083 
0.0124 
—0.0130 
0.0103 
~0.0231 
—0.0068 
0.0277 
0.0068 
0.0181 
0.0119 
—0.0124 
~0.0083 
—0.0112 
~0.0256 
0.0074 
—0.0230 
—0,0075 
—0.0090 
0.0210 
—0.0167 
—0.0101 
—0.0063 
~0.0161 
—0.0194 
—0.0197 
0.0094 
—0.0153 
~0.0160 
0.0025 
—0.0059 
—0.0080 
0.0102 
0.0113 
~0.0095 
—0.0184 
—0.0228 
—0.0054 
—0.0270 
~—0.0065 
0.0094 
~—0.0171 
0.0135 


*Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: 


1. Alpha and density obtained by using non-linear regression on each 
individual data sample. The results obtained from fits on individual 
data samples are not recommended unless there is a minimum of 10 
density data points covering at least 2 50°F temperature range and 


encompassing the 60°F base temperature. 


2. 76 samples, 436 data points. 
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il-12 CHAPTER 11—Prysica, Prorernies Data 


Diesels, Heating Oils and Fuel Oils—60 Deg Density and Alpha for Each individual Sample 


Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range °F (ke/m*) at 60°F? Deviation Percent Error 
1 #2 Heating Oil 18 49. - 123. 862.8655 458.148 0.0107 0.0271 
1§ Fuel Oil, Heavy 7 40. - 128. 863.6101 457.136 0.0136 0.0189 
19 Gas Oil 11 41. - 136. 838.5593 464.905 0.0168 0.0310 
25 Light Fuel Oil 6 66. - 129. 921.5002 406.994 0.0068 —0.0091 
47 Fuel Oil LS 3 69. - 96. 966.7903 * 399.007 0.0175 0.0199 
49 Diesel Fuel 10 59. - 115. 848.7898 463.597 0.0063 0.0089 
57 Carbon Black 6 49. - 103. 1074.4121 334.589 0.0203 0.0368 
301 #2 Furnace Oil 7 59, ~ 113. 836.6428 466.974 0.0050 0.0077 
304 #2 Heating Oil 9 43. ~ 123. 835.0251 461.108 0.0099 0.0135 
306 Auto Diesel #2 8 59. - 113. 855.4766 450.601 0.0042 —0.0058 
309 #2 Diesel Fuel 7 60. - 111. 852.4626 457.858 0.0096 0.0143 
312 #2 Fuel Oil 9 52. - 124. 847.0957 461.042 0.0142 0.0198 
316 Furnace Oil #2 7 41. ~ 123. 850.9905 470.296 0.0142 0.0193 
318 #2 Fuel Oil 9 $2. - 124. 873.6687 448.328 0.0086 0.0116 
322 Gasoil 8 $2. - 124. 851.2815 448.236 0.0100 —0.0132 
324 #2 Heating Oil 11 39. - 123. 852.2014 460.967 0.0118 0.0191 
327 ~—- Heating Fuel 10 39. - 123. 846.5410 466.365 0.0112 0.0196 
330 Furnace Oil 10 39. - 123. 860.7014 454.315 0.0106 0.0130 
332 #2 Fuel Oil 10 41. - 123. 839.8455 463.073 0.0114 0.0201 
337 Diesel Fuel 12 40. - 123. 845.9119 459.455 0.0105 0.0237 
342 #2 Furnace Oil 9 40. - 114. 911.8210 442.767 0.0048 0.0072 
344 Diesel #2 9 41, - 114. 855.9502 452.112 0.0082 0.0127 
349 Furnace Oil 10 43. - 123. 854.1304 446.834 0.0101 0.0180 
352 Diesel Fuel 8 43. - 104. 846.8281 463.466 0.0069 0.0004 
354 Prem. Diesel Fuel 9 43. - 123. 840.0740 464.764 0.0120 0.0200 
357 #2 Fuel Oil 10 40. - 123. 857.4802 460.504 0.0106 0.0178 
360 #1 Fuel Oil 10 40. - 123. 817.3608 490.886 0.0124 0.0203 
362 Gasoil 10 40. ~ 123. 845.5383 456.958 0.0113 0.0190 
368 Medium Distillate 10 40. - 122. 873.5288 446.903 0.0138 0.0251 
371 Furnace Oil #2 10 40. - 122. 856.7351 467.277 0.0131 0.0232 
372 Heater Oil #1 10 40. - 122. 812.0063 504.740 0.0135 —0.0225 
378 #2 Burner Fuel 10 40. - 122. 849.5969 472.523 0.0139 0.0245 
384 #2 Heating Oil 10 40. - 122. 839.7666 464.673 0.0117 0.0188 
387 #2 Heating Oil 10 40. - 122. 856.9534 458.601 0.0109 0.0172 
389 ETFA 8 43. — 104. 812.2402 507.299 0.0049 — 0.0086 
390 Low Sulf. Fuel 8 42. - 105. 913.5298 419.200 0.0233 0.0388 
392 Heating Oil 10 40. - 122. 829.3159 475.088 0.0124 0.0203 
396 Diesel Gasoil 10 40. - 122. 836.1177 467.147 0.0122 0.0192 
399 A.D. QO. 10 40. ~ 122. 845.6855 460.125 0.0110 0.0182 
409 Diesel #2 Heat. Fuel 7 42. - 95. 847.8601 457.510 0.0039 —0.0059 
410 #6 Bunker Fuel 3 69. - 85. 985.4175 367.503 0.0016 —0.0018 
413 Gas Oil 10 40. - 123. 842.4390 464,798 0.0118 0.0197 
414 Fuel Oil 3 60. ~ 77. 928.8215 407.094 0.0007 —0.0008 
416 Diesel Fuel 10 40. - 123. 847.8691 458.400 0.0114 0.0191 
417 Fuel Oi} 4 6. - 95. 935.6743 406.016 0.0026 0.0035 
419 Diesel Fuel 7 40. - 123. 849.1516 450.148 0.0128 0.0171 
420 Fuel Oil 6 68. - 123. 930.3352 402.805 0.0035 0.0049 
431 #2 Fuel Oil 7 50. - 113. 857.1221 453.421 0.0084 0.0116 
432 #2 Furnace Oil bs} 50. ~ 105. 831.6790 476.087 0.0068 —0.0095 
435 #2 Diesel Fuel 8 50. - 124. 845.4062 458.903 0.0093 0.0138 
440 #2 Furnace Oil 9 50. - 124. 868.5115 450.996 0.0084 0.0137 
446 #2 Diesel Fuel 8 50. - 114. 843.4902 474.725 0.0073 0.0112 
447 Furnace Oil 8 50. - 114, 846.5332 465.349 0.0077 0.0116 
451 #2 Heating Oil 9 50. - 124. 851.4836 454.388 0.0136 0.0245 
464 Furnace Oil #2 7 50. - 104. 852.3672 468.605 0.0061 0.0086 
469 Furnace Oil 10 40, - 124. 847.9856 456.027 0.0120 0.0207 
472 #2 Heating Oil 10 40. - 124. 856.6614 460.728 0.0119 0.0209 


a ee 
*Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: density data points covering at least a 50°F temperature range and 


1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 
individual data sample. The results obtained from fits on individual 
data samples are not recommended unless there is a minimum of 10 - 2. 76 samples, 617 data points. 
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SECTION 1—VoLUME CORRECTION FacToRS HH-13 
Diesels, Heating Oils and Fuel Oils—60 Deg Density and Alpha for Each individual Sample 
(continued) 

Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range °F (kg/m) at 60°F? Deviation Percent Error 
474 #2 Fuel Oil 10 41. -— 124. 848.3699 472.584 0.0139 0.0236 
475 Premium Diesel 10 41. - 124. 843.3591 465.319 0.0142 0.0240 
478 #2 Fuel Oil 9 40. - 125. 848.9204 468.018 0.0147 0.0244 
480 #1 Fuel Oil 10 67. - 112. 817.3562 482.536 0.0040 —0.0066 
488 #2 Heating Oil 8 50. - 125. 833.6770 ~ 469.870 0.0107 0.0176 
489 #2 Burner Fuel 9 41. = 125. 851.1655 464.812 0.0115 0.0180 
494 Diesel Fuel 7 41, - 113. 846.6118 465.772 0.0108 —0.0148 
501 Gasoil 7 40. - 95. 836.6436 475.960 0.0077 —0.0091 
507 _— Diesel Gasoil 3 87. - 112, 824.8657 467.606 0.0015 -0.0017 
514 Diesel Oil 10 67. -— 112. 823.3218 472.750 0.0044 0.0068 
525 #2 Fuel Oil 8 41, - 113. 849.2495 466.959 0.0101 0.0150 
526 #6 LS Fuel Oil 7 41, - 113. 979.5286 384.557 0.0146 0.0217 
528 #6 Fuel Oil-HS 4 78. - 113. 997.1833 374.942 0.0030 0.0039 
$29 #2 Fuel Oil 9 41. - 113. 835.9280 473.038 0.0095 —0.0143 
530 Lt. Fuel Oil 3 87. - 112. 943.0854 408.105 0.0001 0.0001 
§31 Gas Oil 3 87. - 112. 842.8574 451.401 0.0011 -0.0012 
533 Light Fuel Oil 4 68. - 112. 922.5176 404.530 0.0010 —0.0014 
535 Gas Oil 3 95. - 112. 844.6208 449.026 0.0005 -0.0006 
539 #2 Fuel Oil 3 87. = 112. 845.1033 446.456 0.0015 -0.0017 


“Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: 
! 1. Alpha and density obtained by using non-linear regression on each 
i individual data sample. The results obtained from fits on individual 
: data samples are not recommended unless there is a minimum of 10 


density data points covering at least a SO°F temperature range and 
encompassing the 60°F base temperature. 


2. 76 samples, 617 data points. 


Jet Fuels, Kerosines and Soivents—60 Deg Density and Alpha for Each Individual Sample 


Sample Temperature 
Number Name NP Range (°F) 

6 Stoddard Solvent 4 57. - 110. 
ll Kerosine 4 57. - 110. 
17 Kerosine i 52. ~ 129. 
50 Av Jet A $ 50. - 96. 
302 Aviation Turbine Fuel 7 59. - 113. 
303 Jet A Turbine Fuel 8 43. -— 113. 
307 TFA Jet Fuel 7 52. - 103. 
310 Jet A Kerosine 6 60. - 103. 
319 Turbine Fuel & $2. ~ 124. 
321 Avtur 7 §2. — 124. 
323 Jet Fuel A 9 52. - 124. 
328 Jet Fuel 10 39. — 123. 
336 Kerosine 9 41. - 123. 
339 Kerosine 10 40. — 123. 
343 Jet A Turbine Fuel 9 40. - 114. 
346 Turbine Fuel 10 43. - 123. 
348 Jer A 10 43. - 123. 
350 Jet A Aviation Turb. Fuel 9 43. = 123. 
356 Aviation Turb. Fuel 10 40. ~ 123. 
364 Jet Al 10 40. - 123. 
367 Jet Fuel A 7 40. - 123. 
374 Jet Fuel A 10 40. ~ 122. 


Density at 60°F 
(kg/m”) 
788.9739 
816.8965 
789.0706 
817.1665 
796.6243 
802.0759 
807.9670 
802.2847 
818.5911 
812.9976 
819.6853 
800.4028 
811.0210 
812.3687 
812.4807 
820.0457 
825.2314 
808.2141 
806.3037 
804.2139 
812.5354 
807.0271 


Alpha 
at 60°F* 
541.646 
497.757 
$12.995 
504.032 
306.484 
503.640 
$04.543 
507.221 
495.142 
499.924 
484.954 
513.734 
494.376 
500.537 
504.783 
495.102 
486.566 
502.147 
507.730 
311.739 
498.453 
506.426 


Percent Standard 
Deviation 


0.0083 
0.0077 
0.0115 
0.0054 
0.0047 
0.0058 
0.0070 
0.0070 
0.0088 
0.0087 
0.0101 
0.0132 
0.0113 
0.0129 
0.0102 
0.0090 
0.0090 
0.0107 
0.0131 
0.0123 
0.0141 
0.0139 


Maximum 
Percent Error 


0.0077 
—0.0075 
0.0215 
0.0062 
0.0071 
0.0084 
~0.0092 
0.0086 
0.0120 
—0.0128 
—0.0181 
0.0219 
0.0195 
0.0212 
0.0158 
0.0162 
0.0165 
0.0194 
0.0214 
0.0207 
0.0191 
—0.0233 


Sv a ae 


*Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: 

1. Alpha and density obtained by using non-linear regression on each 
individual data sample. The results obtained from fits on individual 
data samples are not recommended unless there is a minimum of 10 
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density data points covering at least a SO°F temperature range and 
encompassing the 60°F base temperature. 


2. 44 samples, 351 data points. 


API MPMSx11-1 VOL*III 80 MM 0732290 OS52116b 020 


Nl-14 GHAPTER 11—PHYSICAL PROPERTIES DATA 


Jet Fuels, Kerosines and Solvents—60 Deg Density and Alpha for Each Individual Sample 


(continued) 

Sample Temperature Density at 60°F Alpha Percent Standard Maximum 

Number Name NP Range (°F) (kg/m?) at 60°F* Deviation Percent Error 
381 Jet Fuel A 10 40. ~ 122. 817.5928 497.069 0.0121 0.0201 
383 Jet Fuel A 10 40. - 122. 792.1743 522.737 0.0134 0.0216 
386 = Jet A. Kerosine 10 40. — 122. 819.3413 497.674 0.0119 0.0197 
395 White Kerosine 10 40. - 122. 786.6282 532,229 0.0144 0.0235 
433 Aviation Turbine Fuel 7 50. - 114. 795.6646 ~ $10,257 0.0085 —0.0125 
436 . Turbine Fuel 9 50. -— 124. 815.7700 504.156 0.0095 0.0149 
442 —‘ Aviation Turbine Fuel 9 $0. - 124. 809.1235 503.513 0.0112 0.0193 
444 ~—s Jet A Kerosine 8 50. - 124, 802.7690 509.955 0.0129 0.0208 
448 Aviation Turbine Fuel 8 50. - 114. 805.4097 513.251 0.0099 0.0161 
450 Refinery Jet A 8 50. - 114. 817.8989 496.103 0.0095 0.0145 
458 Kerosine . $ 68. - 104. 816.0029 492.780 0.0101 0.0174 
467s Jet Fuel A 9 40. - 125. 818.6135 499.286 0.0162 0.0274 
470 =JetA 10 40. - 124. 822.5659 497.007 0.0135 0.0235 
473 _—— Jet A Kerosine 10 40. - 124. 818.0740 498.960 0.0144 0.0249 
481 Aviation Turbine 8 40. - 125. 803.7456 511.956 0.0181 0.0269 
486 Jet Fuel 8 50. - 125. 790.0349 529.343 0.0134 -0.0211 
493 Kerosine 7 41. - 113. 805.3354 $11.365 0.0150 0.0195 
502. Jet Al 7 40.- 95. 793.1592 $35.482 0.0114 —0.0161 
506 White Kerosine 7 40.- 95. 785.5339 543.279 0.0122 —0.0160 
S516 Jet A 3 87, — 112. 808.3125 495.366 0.0022 —0.0025 
521 Jet Fuel 4 68. - 112. 799.7908 503.846 0.0045 0.0050 
$24 = Kerosine 4 68. - 112. 801.7671 §02.900 0.0042 0.0048 

*Alpha in reciprocal degrees F multiplied by 1 000 000. 

Notes: density data points covering at least a 50°F temperature range and 

1, Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 

individual data sample. The results obtained from fits on individual 

data samples are not recommended unless there is a minimum of 10 2. 44 samples, 351 data points. 


Lubricating Oils—60 Deg Density and Alpha for Each Individual Sample 


Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m*) at 60°F* Deviation Percent Error 
4 Lubricating Oil 8 §2. — 129. 882.3577 390.279 0.0066 0.0101 
7 Lubricating Oil 4 57. = 110. 861.6992 417.851 0.0075 —0.0072 
9 Lubricating Oil 5 57. ~ 128. 917.2498 383.894 0.0024 —0.0028 
3 Lubricating Oil 7 40. = 128. 898.2021 375.755 0.0092 0.0130 
16 Lubricating Oil 11 40. - 109. 898.6628 389.827 0.0030 0.0056 
18 Heavy Lubricating Oil 7 52. - 129. 939.8987 360.858 0.0038 0.0053 
35 Transmission Fluid 6 59. - 133. 873.4622 408.437 0.0113 0.0137 
36 Lubricating Oil 7 41. - 136. 904.7874 390.781 0.0097 0.0149 
37 Mineral Cyl. Oil 6 59. - 134. 920.7100 369.792 0.0053 0.0067 
38 Motor Lubricating Oil 5 40. - 106. 893.2395 395.292 0.0065 —0.0104 
39 Lubricating Oil 5 50. = 123. 882.6228 395.390 0.0071 0.0085 
40 Lubricating Oil 7 40. - 133. 886.5525 392.041 0.0110 0.0174 
41 Lubricating Oil 6 50. - 123. 911.4702 385.693 0.0026 ~0.0036 
42 Transformer Oil 6 59, - 133. 892.3333 413.382 0.0086 0.0106 
43 555 Ursa Oil 6 50. - 123. 928.7507 377.250 0.0037 0.0074 
4 Lubricating Oil 6 50. - 123. 883.4270 405.827 0.0087 0.00116 
45 Lubricating Oil § 69. - 133. 897.8474 393.446 0.0071 0.0079 


a 
*Alpha in reciprocal degrees F multiplied by 1 000 000. 

Notes: density data points covering at least a 50°F temperature range and 
1. Alpha and density obtained by using non-linear regression oneach = encompassing the 60°F base range. 


individual data sample. The results obtained from fits on individual 
data samples are not recommended unless there is a minimum of 10 2. 17 samples, 107 data points. 
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